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APPENDIX A-l TIMELINE 

Legal actions are represented by light shading 

Pre-1967 No "serious problems" with groundwater contamination collected during 
routine sampling (Ad-Tek pps. 5-6). 

1967 CPS Chemicals and Madison Industries (formerly Food Additives) 
begin plant operations. 

5/1970 NJDEP finds high levels of Zn during routine analysis of groundwater 
samples taken from Perth Amboy's well field. 

12/1970-
9/1970 

NJDEP finds Zn at increasing concentrations in Bennet Suction Line 
(BSL) wells. 

1971 City of Perth Amboy finds Zn in BSL wells during routine sampling. 

1-3/1971 NJDEP samples surface water (puddles and riverlets) within 
Madison facility and detects chlorides, sulfates, and nine heavy 
metals. Zn, Pb, and Cd are detected at high concentrations. 

3/1971 State orders Perth Amboy to stop pumping BSL wells (#1-6) as a result 
of contamination from "chlorides, Zn, and other heavy metals" (Ad-Tek p. 21). 

2-4/1973 NJDEP determines that pollutants, originating from Madison Industries, are 
contaminating the well field via Pricketts Brook. 

3-4/1973 Schoor Engineering, on behalf of Sayreville Water Department, detects Cd, Pb, and 
Zn in groundwater samples, and Cd and Pb in surface-water sample, in excess of 
New Jersey drinking water standards. Schoor concludes that Pricketts Brook 
contamination is from stormwater runoff from Madison Industries. 



APPENDIX A-1 TIMELINE (continued) 

3/9/1973 State orders shutdown of remaining service wells (BSL wells #7-32) as a result of 
contamination from "chlorides, Zn, Pb, Mn, and possibly other deleterious substances" 
(Ad-Tek p. 21). 

5/16/1973 NJDEP (Joseph Mikulka) compiles data on surface waters in Tennent Pond and 
Pricketts Brook, and discovers increased concentrations of Pb, Zn, and Fe compared 
to previous studies. 

1973 TV inspection of the Madison Township Sewer Authority (MTSA) industrial trunk 
sewer reveals a broken lateral connection in the sewer line. MTSA instructed Madison 
Industries to install a pretreatment device to reduce the highly acidic effluent being 
discharged into the main sewer line. The sewer leak is suspected as a main source of 
contamination from the Madison Industries site. 

5/31/1973 NJDEP orders Madison Industries to cease the discharge of improperly treated 
industrial wastewaters to Pricketts Brook (by 1975 Madison Industries still had not 
complied). 

1973 Pricketts Pond constructed. 

6-9/1973 NJDEP samples surface water from Pricketts Brook and finds high concentrations of 
Zn and Fe downgradient of the Madison property. 

1973 Madison/CPS site is paved, potentially reducing the direct discharge to the soil, but 
increasing stormwater runoff. 

9/1974 Citizens complain of acid fumes. 

1974-1975 Ad-Tek samples surface water, groundwater, sediment, and soils for metals and finds 
high levels of Zn in groundwater samples. Ad-Tek concludes that Madison Industries 
is the source of metal contamination. Highest levels of Pb and Zn were detected in 
soil samples collected south and northwest of the Madison Industries site. Ad-Tek 
also suggests that Pricketts Brook sediments were contaminated by runoff from the 
broken sewer line. 



APPENDIX A-1 TIMELINE (continued) 

1/1975 Dr. Faust (on behalf of Madison Industries) samples surface water and soil in the 
Pricketts Brook watershed and finds a "virtual absence" of Cd, Pb, and Cr in Pricketts 
Brook. He concludes that there is not a hazard for the Perth Amboy water supply 
(Ad-Tek p.24). 

1976-1978 NJDEP conducts groundwater sampling and analyses, and tests for and detects five 
constituents (Zn, Pb, Cd, MeCI and 1,1,2,2-tetrachlolroethane) and 32 other organics. 
This is the first time organics are detected in groundwater samples. 
SUMMARY REPORT NOT PROVIDED. 

4/1976 Citizens complain of bad odor. 

11/1977 CPS employees complain of add odor and particulate fumigation. The source is 
believed to be Madison Industries, who would not allow a site investigation. A 
violation is cited to Madison. 

7/1979 Madison Industries is ordered to cease the open burning of refuse, including Zn 
powder, which is a violation of NJ Air Pollution laws. 

8/1979 Citizens complain of crop and car paint damage. A follow-up investigation reveals an 
accidental discharge from CPS of a mixture of methanol and water and smaller 
amounts of dimethyl adipate. CPS agrees to pay for damages. 

1979 NJ Superior Court issues a court order to investigate and determine the feasibBity of 
removing contaminated groundwater and soil. 

1980 The Gourt commissions Dames & Moore (D&M) to address the court order. D&M 
proposes the following; a slurry cutoff wall encompassing the CPS/Madison 
properties to isolate contaminated groundwater; rerouting of Pricketts Brook; and 
dredging of Pricketts Pond. 

1980 D&M samples for the 5 constituents and finds Pb and Cd in groundwater samples. 
D&M also finds Pb in soils, the highest occurring downgradient of Madison Industries. 
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APPENDIX A-l TIMELINE (continued) 

6/1981 NJ Superior Court files an order mandating implementation of remediation plan based 
on O&M's evaluation 

10/1981 NJ Superior Court judgment finds CPS and Madison Industries guilty of polluting the 
groundwater and awarded the State and the City of Perth Amboy $5.2 million for a 
remedial and contamination plan. 

-1981 CPS/Madison appeal to the Court. 

1982 Converse Consultants, on behalf of Madison Industries, determines that the proposed 
confining soil layer (South Amboy Fire Clay) to be used in conjunction with the slurry 
wall is discontinuous. Converse consultants suggests that a partial slurry wall would 
be more cost-effective. 

3/1982 Princeton Aqua Science (PAS), on behalf of NJDEP, conducts groundwater sampling 
and tests for Zn, Pb, Cd, and Cu. SUMMARY REPORT NOT PROVIDED. 

5/1982 CPS/Madison site is listed on Superfund National Priorities List (NPL). 

8/1982 Site investigation (SI) is conducted under the authority of CERCLA. Activities at the 
site include midnight dumping and repeated spills. The SI also mentions that site 
operators are under at least 50 criminal indictments for illegally dumping hazardous 
wastes into the sanitary sewer. Appellate court affirms the 1981 judgment and 
remands ft to the Trial Court for an amended judgment. 

5/1983 Wehran Engineering, on behalf of CPS, indicates that the South Amboy Fire Clay 
(uppermost clay unit); is discontinuous. However, the deeper Woodbridge Clay is 
continuous and could be an effective confining layer for the court's original proposed 
perimeter cutoff wall. Wehran suggests the installaton of a crescent-shaped slurry 
wall downgradient and above the head of Pricketts Pond. 
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APPENDIX A-l TIMELINE (continued) 

5/23/1983 Converse, on behalf of Madison, concludes that Madison is the source of heavy 
metals contamination; however, the level of contamination is lower than previously 
reported. Converse also recommends a cost-effective remedial plan, including the 
following: installation of an impervious slurry wall and an inceptor well, in accordance 
with the Wehran plan; installation of a discharge line to the MTSA line and 8 to 10 
monitoring wells; backfill of Pricketts Pond upstream of the slurry wall; and diversion 
of Pricketts Brook. 

5/1983-3/1984 Wehran provides amendments to their proposed remedial action plan. 

6/1983 Trail Court amends the 1981 order. The proposed remedial action is modified. The 
Appellate Court upheld the Superior Court decision and modified it by lifting cost cap 
and making companies jointly and severally liable. The NJDEP begins reviewing the 
proposed modification to the remedial action. 

1983 CPS is indicted on charge of disposing of hazardous wastes by 
dumping them into the Old Bridge sewer system (Star-Ledger 1984). 

9/1983 PAS, on behalf of NJDEP, finds that either the influent (into the 
Middlesex County Utilities Authority treatment system) should be 
diluted, or the groundwater should be pretreated to remove primary 
pollutant metals (Zn, Pb, Cu) and purgeable organics. 

1984 CPS is suspected of tampering with monitoring wells (Star-Ledger 1984). 

4/1984 Converse & Wehran (on behalf of Madison and CPS) sample for metals and VOCs 
detected in pond sediments and indicate that the extent of contamination is much 
less than determined by Ad-Tek and D&M. 

4/17/1984 HydroQual suggests that conclusions presented in the 1983 PAS report are In error 
and do not adequately address the purpose of the investigation. 

6/20/1984 NJDEP conducts surface-water sampling in Pricketts Brook and tests for Zn, Pb, Cd, 
Cu, and halogenated and aromatic volatiles. SUMMARY REPORT NOT PROVIDED. 
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APPENDIX A-l TIMELINE (continued) 

8/1984 CH2M Hill, on behalf of NJDEP, proposes expansion of the slurry wall to the south and 
southwest to enclose the entire area of known contamination (which extended to the 
northern portion of Pricketts Pond), eliminating the need for decontamination wells 
outside of the wall. 

9-11/1984 NJDEP determines that the modified remedial action plan proposed by wehran & 
Converse is adequate. 

9/1985 NJ Supreme Court approves modified remedial action plan. The proposed modified 
remedial plan returns to Middlesex County Superior Court due to the City of Perth 
Amboy's objections. 

5/1986 To determine the feasibility of implementing the court order, Wehran submits a report 
evaluating the extent of the South Amboy Fire Clay at the CPS/Madison site. 

4/9/1987 Additional analytical results for VOCs and metals in groundwater are presented by 
Wehran. 

6/24/1987 As requested by the NJ Superior Court, Richard Olsson investigates the occurrence 
of the South Amboy Fire Clay and finds that it is too thin and discontinuous to 
serve as a confining unit for the containment wall. 

4/1988 Final court order requires implementing a remedial plan that includes the following: 
a slurry wall in conjunction with a groundwater recovery system, as proposed by 
Wehran (3/28/84); relocation of the Pricketts Brook, as proposed by Converse (5/27/ 
83); and discharge of the recovered groundwater to the sewage treatment plant. 

11/1988 
Wehran installs 13 "DW" wells and conducts groundwater sampling for Zn, Cu, Pb, 
Cd, and VOCs. Wehran finds that metals (especially Zn) are present with the highest 
concentrations contained on the Madison property and volatiles are still present in 
the groundwater. 
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APPENDIX A-l TIMELINE (continued) 

11/1/1988 CDM prepares a draft completeness review of documents containing information and 
data on the CPS/Madison site. 

4/1989 Wehran prepares a report analyzing sampling results from 1988. Wehran recom
mends that further groundwater sampling be conducted to confirm results of existing 
data. The additional groundwater sampling data can be used to predict an effective 
location of the recovery wells through computer models. Wehran also recommends 
that additional data concerning the Evor Phillips Site and other potential sources of 
contamination be evaluated to determine the impact on the CPS/Madison remediation 
program. The Wehran (1989) report showed that the full extent of the contamination 
has not been determined. All of the contaminated groundwater is not discharging in 
the Pricketts Pond. Thus, additional plume delineation is necessary and the remedia
tion system will have to be redesigned. 
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GROUNDWATER ANALYSES FOR FIVE SELECTED CONSTITUENTS 
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GROUNDWATER CONTAMINATION OF FIVE CONSTITUENTS 
Zinc 

SOURCE: WEH.89 WEH,87 NJDEP,85 CONt83 PAS,82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT,75 DM,80 DM.80 DM,80 DM,80 

SAMPLE R: N1DEP NIDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP 

DATE: 11/88 3/87 5/85 5/83 3/82 10/79 10/77 9/12/ 9/6/ 8/77 3/77 8/76 6/76 3/76 4/76 11/73 10/75 9/24/ 9/13/ 8/75 6/75 3/75 12/74 2/74 3/73 4/73 3/73 

WELLS: 75 73 

M-l 18.27 42 25 31 625 500 75 6.34 6.7! 108 130 100 

M-2 269 14.31 36 779 470 1660 1125 525 1150 6.5 6.77 3560 3370 1245 

M-3 0.22 2.3 1.7 3.5 2.475 0.723 1 5.8 0.88 27.25 4.75 0.93 

M-4 0.244 0.08 0.202 0.275 0.45 0.35 3.73 1.6 6 36.23 

MJ 0.796 1.2 0.115 0.15 0.1 0.325 0.85 0.45 1.11 0.8 4.2 1 

M-6 3.41 5.225 17 

S-t 0.36 1.3 0.45 0.3 97.7 

S-2 0.798 0.8 0.625 0.328 

S-3 2.305 3.1 1.225 1.55 

A 18.21 10.85 22 4.83 64 179 218 155 515 ? 7.8 

B 0.32 9.09 45 27 0.232 0.275 0.199 2.07 0.44 0.46 0.43 0.66 < 0.02 

C 0.216 1.275 0.3 3.25 < 0.02 

D 6.3 12.2 12.5 12.5 6.17 19.75 1.05 20.05 8.2 

E 0.22 0.274 0.2 0.167 0.425 0.4 1.87 0.28 1.15 0.65 7.44 < 0.02 

F 0.943 0.275 0.217 0.65 0.85 0.49 2.6 1.4 0.96 < 0.02 

G 0.485 0.6 0.214 0.375 1.05 0.8 3.45 0.87 2.1 0.35 0.93 < 0.02 

II 0.7 0.5 0.53 0.43 0.51 0.49 0.75 1.12 < 0.02 

No.l ND 1.6 2.4 1.7 

No.2 0.465 ND 

No.3 • 6.625 ND 4.96 5.3 78.73 

No.4 2.7 0.36 5.3 14 

No.3 ND 0.01 

No.6 

No.7 

No.8 

No.9 

No.10 8.125 13 0.962 

No. 11 1.23 < 0.02 

No.12 97 156 

No.13 < 0.02 

No.14 

No.15 

No.16 0.404 1.2 

No.17 

No.18 
No. 19 0.562 

No.20 

No.21 

No.22 

WCC-IM 0.428 0.586 
WCC-ID 0.635 0.423 

WCC-2 1.31 

WCC-2M 0.428 

WCC-3S 

WCC-3M 0.424 0.447 

WCC-3D 0.403 0.351 

WCC-4S 0.950 

WCC-4M 3.82 

WCC-4D 

WCC-5S 0.288 
WCC-6S 0.82 0.486 
WCC-6M 0.259 1.18 
WCC6D 1.04 
WCC-7M 1.61 
WCC-9S 5 415 1.8 3.44 
WCC-9M 1.988 3.9 



Zinc 

SOURCE: 

SAMPLE 

DATE: 

WELLS: 

WEH.89 WEH.87 NJDEP.85 CON.83 PAS,82 DM,80 DM,80 DM.80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT,73 DM,80 DM,80 DM,80 DM,80 
R. NJDEP NJDEP NJDEP NIDEP NIDEP NIDEP NJDEP N1DEP NIDEP NJDEP NIDEP NIDEP NJDEP NIDEP NIDEP N1DEP NJDEP NIDEP NIDEP NJDEP 

11/88 3/87 5/83 5/83 3/82 10/79 10/77 9/12/ 9/6/ 8/77 5/77 8/76 6/76 5/76 4/76 11/75 10/75 9/24/ 9/13/ 8/73 6/73 5/75 12/74 2/74 3/73 4/73 3/73 
75 75 

WCC-I1S 6.97 9.33 110 20.9 

WCC-11 M 16.4 0.662 0.39 15.6 

WCC-I1D 0.998 5.5 

WCC-12 SA 0.021 0.13 0.892 

WCC-13 ^ 0.174 0.18 

WCC-14S 0.8 0.161 j 

WCC-15S 'E 0.03 0.216 T 

WCC-I5 WW 0.75 

WCC-I5D 0.149 

WCC-I6S 7.1 0.17 0.51 

SCUOOR: 

SE-I 

SE-2 

SE-3 

SE-4 

LAYNE: 

L-l 

L-1A 

L~2 
- ND ND 0.025 

L-3 

L-4 1.173 13 0.25 0.3 

L-3 "" 0.22 0.15 0.2 

WEHRAN 

WE-I 

WE-2 

WE-3 / 

WE-4 

T-l 28.54 289.6 210 

T-2 

DEP-I 0.378 

DEP-2 0.354 

DEP-3 

DEP-4 7.66 

DW-1S 0.903 

DW-ID 0.095 

DW-2S 0.659 
DW-3S 0.521 
DW-3D 0.088 
DW-4S 1.09 — — 
DW-4D 0.207 
DW-5S 2.14 
DW-3D 0.047 

DW-6S 0.945 

DW-6D 0.151 

DW-7S 

DW-7D 

S«y-Pro A 

F B I  

FB-2 

FB-3 

FB-4 

TB-I 

TB-2 

TB-3 
TB-4 

MB 

0.108 -

0.065 

0.101 

0.047 0.131 

< 0.026 

< 0.026 — 

0.051 

CiKOlJNIJWAI I* CON1AMIN AVION OF FlVt CONSTITUfcNTS (Continual) 



SOURCE: WEH.89 WEH,87 NJDEP.85 CON.83 PAS,82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM.80 DM.80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT.75 DM,80 DM,80 DM,80 DM,80 
SAMPLE NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP 
DATE: 11/88 3/87 5/85 5/83 3/82 10/79 10/77 9/12/ 9/6/ 8/77 5/77 8/76 6/76 5/76 4/76 11/75 10/75 9/24/ 9/13/ 8/75 6/75 5/75 12/74 2/74 5/73 4/73 3/73 
WELLS: 75 75 
M-l 0.322 0.2 0.316 0.16 0.8 0.555 0.01 0.003 0.017 0.002 0.042 0.005 0.043 
M-2 0.376 0.948 < 0.1 0.442 0.27 0.014 0.001 0.019 0.008 0.024 0.088 0.041 0.015 0.034 0.062 
M-3 < 0.2 0.2 0.076 0.001 0.051 0.007 0.013 0.003 0.003 0.004 0.004 0.003 0.003 
M-4 0.005 < 0.1 ND 0.003 0.007 0.016 0.015 ND 0.001 0.005 ND 
M-5 0.474 < 0.1 ND 0.003 0.009 0.024 0.017 0.003 0.004 0.002 0.004 0.008 
M-6 0.014 0.005 < 0.1 

S-l 0.36 0.008 0.004 ND 0.062 
S-2 0.026 0.009 0.051 0.328 1 — 

S-3 0.11 0.016 0.088 0.092 
A 0.005 0.025 < 0.1 0.027 < 0.03 0.052 0.037 0.034 0.023 < 0.005 
B 0.018 0.005 < 0.1 < 0.03 ND ND ND 0.005 0.004 0.003 0.009 0.009 < 0.005 
C 0.02 0.117 0.003 0.006 < 0.005 
D < 0.03 0.008 0.013 0.017 0.023 0.015 0.008 0.082 < 0.005 
E 0.05 0.008 0.009 0.018 0.09 18.4 ND 0.004 0.003 0.008 0.023 < 0.005 
F 0.008 ND 0.009 0.019 0.016 0.069 0.035 0.005 0.016 < 0.005 
G 0.008 0.001 0.015 0.013 0.07 0.004 0.006 0.004 0.005 0.005 0.006 < 0.005 
H 0.01 0.047 0.027 0.101 0.011 0.008 0.014 0.103 < 0.005 

ND 0.006 0.014 < 0.005 

ND 
0.008 0.003 < 0.005 0.004 

0.002 0.003 

0.002 0.003 

N3 No. 10 0.063 0.2 0.342 
No. 11 0.034 < 0.005 
No.l2 0.2 6.92 0.002 
No.13 < 0.005 
No. 14 

No.15 

No. 16 < 0.017 0.003 
No. 17 

No. 18 

No.19 0.024 
No.20 

No.21 

No.22 

WCC-1M 0.013 0.03 
WCC-1D • 0.0014 0.074 
WCC-2 < 0.091 

WCC-2M 0.051 
WCC-3S 

WCC-3M < 0.091 0.04 
WCC-3D • 0.003 0.071 
WCC-4S 0.03 
WCC-4M 0.203 
WCC-4D 

WCC-5S < 0.017 
WCC-6S • 0.0014 0.022 
WCC-6M 0.0078 0.074 
WCC-6D 0.206 
WCC-7M 0.03 
WCC-9S 0.005 < 0.1 0.071 
WCC-9M 0.005 < 0.1 
WCC-9D 0.04 
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Lead 
SOURCE: 

SAMPLE 

DATE: 

WELLS: 

WEH.89 WEH.87 NJDEP.85 CON,83 PAS.82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT,73 DM,80 DM,80 DM,80 DM,80 

NJDEP NJDEP N1DEP NIDEP NJDEP NIDEP NIDEP N1DEP NIDEP NJDEP NIDEP N1DEP NJDEP NJDEP NJDEP NIDEP NJDEP NJDEP NJDEP NJDEP 

11/88 3/87 3/85 3/83 3/82 10/79 10/77 9/12/ 9/6/ 8/77 3/77 8/76 6/76 5/76 4/76 11/75 10/75 9/24/ 9/13/ 8/75 6/75 3/73 12/74 2/74 3/73 4/73 3/73 

75 75 
WCC-IIS * 0.0023 0.028 < 0.1 0.061 

WCC-I I * 0.0038 0.005 < 0.1 0.105 

WCC-I ID 0.005 0.098 

WCC-12 • 0.0039 < 0.1 0.054 

WCC-13 • 0.0032 < 0.1 0.071 

WCC-I 4S < 0.1 0.071 

WCC-I3S < 0.1 0.078 • 

WCC-13 < 0.1 

WCC-I 3D 0.071 

WCC-I 6S • 0.0028 < 0.1 0.084 

SCHOOR: 

SE-I 

SE-2 

SE-3 

SE-4 

LAYNE: 

L-l 

L-1A 

L-2 ND 0.001 0.01 

L-3 

L-4 0.006 ND 0.005 0.007 

L-5 0.004 0.005 0.004 0.011 
WEHRAN 

* WE-l 

, WE-2 

WE-3 

WE-4 

T-l 0.005 0.373 0.2 

T-2 

DEP-I • 0.002 

DEP-2 • 0.0011 

DEP-3 

DEP-4 0.007 

DW-1S < 0.00091 

DW-ID < 0.00091 

DW-2S < 0.00091 

DW-3S < 0.00091 

DW-3D < 0.00091 

DW-4S < 0.00091 

DW-4D < 0.00091 

DW-3S < 0.00091 

DW-3D < 0.00091 

DW-6S • 0.00098 

DW-6D 0.0055 

DW-7S < 0.00091 

DW-7D < 0.00091 

Say-Pro A 0.006 

FB-I • 0.0012 0.025 

FB-2 < 0.00091 

FB-3 • 0.0032 
FB-4 ! 

T B I  0.043 
TB-2 

TB-3 
TB-4 
MB 
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Cadmium 
SOURCE: WEH.89 WEH.87 NJDEP.83 CON.83 PAS.82 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM,80 AT, 75 DM,80 DM,80 DM,80 

SAMPLE NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP 

DATE: 11/88 3/87 3/83 3/83 3/82 10/79 10/77 9/12/ 9/6/ 8/77 3/77 8/76 6/76 5/76 4/76 11/75 10/75 9/24/ 9/13/ 8/75 6/75 5/73 12/74 3/73 4/73 3/73 

WELLS: 73 75 75 75 

M-l 0.078 0.34 0.031 0.17 1.7 0.4 0.041 0.011 0.031 0.024 0.042 0.024 0.044 

M-2 1.48 0.06 < 0.02 2.01 0.07 0.3 0.063 0.028 0.058 0.031 0.039 0.06 0.061 0.09 0.09 

M-3 < 0.04 < 0.01 0.002 0.008 0.007 0.002 ND 0.041 0.002 0.003 0.004 0.003 0.01 

M-4 0.003 < 0.02 ND ND ND ND 0.005 0.001 0.002 0.007 0.016 

M-3 0.003 < 0.02 ND ND ND ND 0.005 0.002 0.004 0.003 0.003 0.012 

M-6 0.023 0.013 0.13 

S-l < 0.01 ND 0.003 0.001 0.01 

S-2 0.004 0.006 0.003 0.002 « 
S-3 0.007 0.007 0.005 0.009 

A 0.003 0.023 < 0.02 < 0.003 < 0.01 0.032 0.041 0.039 0.006 < 0.001 

B 0.003 0.001 < 0.02 < 0.01 ND 0.003 ND 0.001 0.002 0.004 ND 0.011 < 0.001 

C < 0.003 ND 0.002 0.006 < 0.001 

D < 0.01 0.013 0.011 0.011 0.013 0.015 ND 0.025 < 0.001 

E < 0.01 0.002 0.003 ND 0.001 0.002 0.002 0.004 0.02 ND 0.026 < 0.001 

F 0.003 0.006 ND ND 0.001 0.003 0.04 0.007 0.013 < 0.001 

G 0.003 0.003 0.002 0.002 ND 0.002 0.001 0.003 0.04 0.003 0.017 < 0.001 

H 0.002 0.001 0.002 0.001 0.003 0.005 0.002 0.002 < 0.001 

No. I ND 0.01 0.017 < 0.001 

No.2 ND 
No.3 • 0.017 0.002 ND 0.031 < 0.001 

No.4 ND 0.001 0.003 < 0.001 

No.3 0.003 0.07 

No.6 

No.7 

. No.8 

No.9 

„ No.10 0.001 < 0.02 < 0.003 

No. II < 0.003 < 0.001 

No. 12 < 0.02 0.126 0.003 
No.13 < 0.001 

No.14 

No.13 

No. 16 < 0.003 0.021 

No.17 

No.18 

No.19 < 0.003 
No.20 

No.21 

No.22 

WCC-IM < 0.0043 < 0.003 
WCC-1D < 0.0043 0.006 
WCC-2 < 0.0043 
WCC-2M 0.021 
WCC-3S 

WCC-3M < 0.0043 0.009 
WCC-3D < 0.0043 < 0.003 
WCC-4S 0.008 
WCC-4M 0.007 
WCC-4D 

WCC-3S < 0.003 
WCC-6S < 0.0043 0.006 
WCC-6M < 0.0043 0.034 
WCC-6D 0.012 
WCC-7M 0.019 
WCC-9S 0.003 < 0.02 0.006 
WCC-9M 0.003 < 0.02 
WCC-9D 0.022 
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SOURCE: 

SAMPLE 

DATE: 

WELLS: 

WCC-I1S 

Cadmium 

WEH.89 WEH.87 NIDEP.83 CON,83 PAS.82 

5/85 3/82 

DM,80 DM,80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM.80 DM,80 DM.80 DM.80 DM.80 DM.80 DM,80 

N1DEP NIDEP NJDEP NIDEP NJDEP NIDEP NJDEP NIDEP NJDEP NIDEP N1DEP NIDEP NIDEP NIDEP NIDEP NIDEP 

10/79 10/77 9/12/ 9/6/ 8/77 3/77 8/76 6/76 3/76 4/76 11/73 10/73 9/24/ 9/13/ 8/73 6/75 

7* 73 73 75 

3/75 

AT,75 DM.80 DM,80 DM,80 

NIDEP NIDEP NIDEP 

12/74 3/73 4/73 3/73 

0.0043 0.003 

0.0043 0.005 
0.02 
0.02 < 

0.004 

0.003 WCC-II 

WCC-1ID 0.005 0.011 
WCC-12 0.0043 
WCC-13 

WCC-I4S < 0.02 0.011 

WCC-15 

WCC-I5D 0.009 

0.003 < 0.02 
SCHOOR: 

SE-1 

LAYNE: 

L-l 

L-l A 

~L-2 

L 4 

L-5 0.001 

0.002 

>• I WE-2 

WE-3 

WE-4 

T-l 

T-2 
0.012 

DEP-1 

DEP-2 
0,0043 

0.0043 

DEP-4 

DW-1S 
0.017 

DW-1D 

DW-2S 

DW-3S 

DW-3D 

DW-4S 

DW-4D 

DW-5S 

DW-5D 

DW-6S 

DW-6D 

FB-3 

F B 4  

TB-1 

TB-2 
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Methylene chloride 1,1,2,2-tctradiloroeihane 
SOURCE: WEH,89 WEH.87 NJDEP,85 CON.83 PAS.82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT.75 WEH,89 WEH.87 NJDEP.85 CON.83 PAS,82 DM,80 DM,80 DM,80 DM,80 AT,75 
SAMPLE NJDEP FAUST NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP NJDEP FAUST NJDEP 

AT,75 

DATE: 11/88 3/87 3/83 5/83 3/82 10/79 12/78 10/78 7/78 10/77 9/12/ 9/6/ 8/77 4/76 12/74 11/88 3/87 5/85 5/83 3/82 10/79 12/78 10/78 7/78 12/74 
WELLS: 75 75 
M-l ND < 0.01 0.073 ND ND < 0.0001 ND 0.01 0.0011 
M-2 0.016 ND 0.16 0.053 ND < 0.0001 < 0.01 ND 0.054 < 0.0005 
M-3 ND 83 2.6 4.3 16.1 0.12 ND 4.51 0.24 
M-4 < 0.0008 ND ND < 0.0001 0.0013 
M-J 0.0012 ND ND < 0.0001 < 0.0007 
M-6 0.43 < 0.01 
S-l 67 10.3 1.9 0.85 ND 8.5 8.43 8 
S-2 < 0.0008 ND ND ND ND < 0.0007 I 
S-3 0.0024 ND ND ND ND < 0.0007 
A 0.01 0.0482 ND ND < 0.01 0.0007 0.0137 
B 1.4 18.7 103 391 102 1.7 5.2 12 ND 0.049 3.3 8.4 3.853 1.43 
C 0.0048 ND ND ND < 0.0004 
D < 0.01 < 0.0005 0.0004 ND ND ND < 0.01 0.0004 < 0.0004 
E 0.017 < 0.0005 < 0.0004 ND ND ND < 0.0001 < 0.01 0.0016 < 0.0004 
F ND ND ND < 0.0001 < 0.0004 
G < 0.0005 < 0.0004 ND ND ND < 0.0001 < 0.0005 < 0.0004 
II < 0.0001 
No.] 0.257 0.0033 
No.2 

No.3 < 0.0005 0.0046 0.042 < 0.0005 < 0.0004 
No.4 0.0017 
No.5 < 0.0008 0.0072 ND < 0.0007 
No.6 

No.7 

No.8 

-* No.9 

No.10 ND 1.23 ND 
No. 11 0.0024 21.33 ND 1.677 
No.12 1.2 17 0.094 ND 
No.13 

No.14 

No.13 

No.16 ND 0.014 0.013 ND < 0.0004 
No.17 

No.18 0.0027 
No.19 ND ND 
No.20 

No.21 

No.22 

WCC-IM < 0.01 ND ND < 0.01 0.011 ND 
WCC-1D < 0.01 ND ND » < 0.01 ND ND 
WCC-2 < 0.01 < 0.01 
WCC-2M ND ND 
WCC-3S 

WCC-3M < 0.01 ND < 0.01 ND 
WCC-3D < 0.01 ND < 0.01 ND 
WCC-4S ND ND 
WCC-4M ND ND 
WCC-4D 

WCC-5S ND ND 
WCC-6S < 0.01 ND 3.845 < 0.01 ND ND 
WCC-6M < 0.01 ND ND < 0.01 ND ND 
WCC-6D ND ND ND ND 
WCC-7M 0.0098 ND 
WCC-9S ND ND M> Nl) 
WCC-9M 0.68 s 1 ) 

WCC-9D 0 218 Mi 
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Mcthykop cMoride 1 1,1,2,2-totracfalorocihane 

SOURCE: WEH.89 WEH.87 NiDEP.S3 CON.83 PAS.82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM.80 AT.73 WEH.89 WEH.87 NJDEP.83 CON.83 PAS.82 DM.80 DM,80 DM,80 DM,80 AT,75 
SAMPLE NiDEP FAUST NIDEP NJDEP NIDEP N1DEP NIDEP NIDEP NJDEP FAUST NJDEP 
DATE: 11/88 3/87 3/85 5/83 3/82 10/79 12/78 10/78 7/78 10/77 9/12/ 9/6/ 8/77 4/76 12/74 11/88 3/87 3/83 5/83 . 3/82 10/79 12/78 10/78 7/78 12/74 
WEL1.S: 75 75 
WCC-IIS < 0.01 ND ND < 0.01 ND ND 
WCC-11 < 0.01 ND < 0.01 ND 

WCC-IID ND ND 
WCC-12 < 0.01 0.96 ND < 0.01 ND ND 
WCC-13 < 0.01 ND < 0.01 ND 

WCC-I4S ND ND , 
WCC-I5S ND 18 0.034 ND 0.063 ND 
WCC-13 ND ND 
WCC-13D 0.0267 0.0203 
WCC-I6S < 0.01 ND 0.0079 < 0.01 0.03 ND 

SCHOOR: 

SE-1 

SE-2 

SE-3 

SE-4 

LAYNE: 

L-l 

L-1A 

L-2 

L-3 

L-4 

L-3 

W EH RAN 

' WE-I 

i WE-2 

* WE-3 

WE-4 

T-l 0.14 0.069 ND 0.003 

T-2 

DEP-I < 0.01 0.002 < 0.01 0.002 
DEP-2 < 0.01 0.059 < 0.01 ND 
DEP-3 ND ND 
DEP-4 < 0.01 < 0.01 
DW-1S < 0.01 < 0.01 
DW-ID < 0.01 0.012 
DW-2S < 0.01 < 0.01 
DW-3S < 0.01 < 0.01 
DW-3D < 0.01 < 0.01 
DW-4S < 0.01 < 0.01 
DW-4D < 0.01 < 0.01 

DW-3S < 0.01 < 0.01 * 

DW-5D < 0.01 0.039 
DW-6S < 0.01 < 0.01 

DW-6D < 0.01 < 0.01 
DW-7S < 0.01 < 0.01 

DW-7D < 0.01 0.059 
Say-Pro A 

FB-1 < 0.01 ND < 0.01 ND 

FB-2 < 0.01 ND < 0.01 ND 

FB-3 < 0.01 ND < 0.01 ND 

FB-4 ND ND 

TB-I < 0.01 < 0.01 

TB-2 0.026 <  0 0 1  

TB-3 < 0.01 < 0 01 

TB-4 

MB 0.002 11 NO 
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GROUNDWATER CONTAMINATION OF FIVE CONSTITUENTS (Continued) 

NOTES: 

o Ad-Tek liiu well numbers which ere to be BSL wells (p.49) 

o Duplicate samples were averaged 

o Values are In milligrams per liter (mg/1) 

o In Wehran, 1989, wells WCC-IIVS and WCC-16VS are assumed to be the same as WCC-1 IS and WCC-16S, respectively 

o Less than values from Wehran, 1989 were analysed but not detected; the value reported is the •"«<mm«it limit 

o valued that is less than the detection limit required in Wehran's contract (Wehran, 1989) 

o Avg. of Wells NO.3 and N0.3A. (The pling of well N0.3A is treated 

as a replicate of well NO.3 although it was sampled the following day - NJDEP, 1985) 
o Say-Pro A • SaytevBle Production well A 



APPENDIX A-3 

GROUNDWATER ORGANIC ANALYSES 
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ORGANICS DETECTED IN ALL WELLS (ppb) 

Sampling Date: #? 3/82 5/85 11/14-16/88 

Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89 
1,2-Dichloroethane 
A 6.8 
B 210 16 
DEP-1 10 22 
DW-1D 24 
DW-2S 
DW-3D 
DW-3S 
DW-4D 
DW-4S 
DW-5D 13 
DW-5S 
DW-6D 
DW-6S 
DW-7S 
M-1 6.5 
M-2 53 88 
M-6 670 
No.3 15 
No.11 12.3 
No.12 4200 770 
T-1 208 
WCC-1D 16.0 
WCC-1M 01 140 68 
WCC-3M 5.8 
WCC-6D 17 28 
WCC-6S (1) 440 
WCC-6S (2) 54 
WCC-9D 69 
WCC-9M 03 1200 
WCC-9S 04 17 
WCC-11D 8.0 
WCC-11M 28 
WCC-11M 22.6 
WCC-11S 07 15.8 12 
WCC-12M 08 1200 80 
WCC-15D 24.4 
WCC-15M 13 120 
WCC-15S 106 
WCC-15S 2000 
All Others <1 <5 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
1,1-Dichloroethane 
A 05 640 
B 14 
M-3 20 13 
No.12 117 2 
T-1 19 400 
WCC-6S (1) 206 
WCC-6S (2) 10.2 
WCC-7M 16.9 
WCC-15D 4.5 
WCC-15S 1.7 22 
All Others <1 <5 

1,1-Dichloroethene 
B 3 
No.12 3 
WCC-15S 6 

Carbon Tetrachloride 
A 9.2 
B 6.5 
No.11 6.0 
No.12 1750 
No.16 15.0 
WCC-1D 15.0 
WCC-6D (4) 104 
WCC-6S (1) 4480 1 

WCC-6S (2) 69 
WCC-7M 17.3 
WCC-11S 25.5 
WCC-11M 11.1 
WCC-15D 60 
WCC-15S 49 
All Others <1 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
Bromoform 
A 18 
No.11 11.0 
No.12 2600 
WCC-6S (1) 205 
WCC-11M 131 
WCC-11S 32 
WCC-15D 73 
WCC-15S 97 
All Others <1 

Benzene 
A 4.5 
B 06 60 
DEP-1 10 0.6 J 
DEP-2 12 230 310 
DW-5S 79 
DW-7S 62 
M-2 4.2 
M-3 20 22 
No.11 3.8 
No.12 655 
T-1 3 
WCC-5S 194 
WCC-6D (4) 8.2 
WCC-6M 16 7 
WCC-6S (2) 60 
WCC-6S (1) 125 
WCC-11D 1.1 
WCC-11M 3.3 
WCC-11S 07 7.6 94 24 
WCC-12M 8 320 J 120 
WCC-15D 15.1 
WCC-15S 14 20.3 190 
All Others <1 <5 

Toluene 
A 9.8 ' 

B 06 29 
C 6 B 
DEP-1 10 1 JB 
DEP-2 12 850 B 980 
DW-5S 63 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
DW-7D 22 
MB 6 
M-2 5.7 
M-3 20 6 
No.3 18 
No.3 19 
No.11 2.5 
No. 12 2130 
PA-05 7 B 
Say-Pro A 11 
TB-3 1 JB 
WCC-3M 2.0 
WCC-5S 68 
WCC-6S (1) 795 
WCC-6S (2) 314 
WCC-7M 124 
WCC-11M 9.1 
WCC-11S 07 5.8 7 
WCC-12M 08 3000 290 
WCC-15D 45 
WCC-15M 13 5 
WCC-15S 14 42 700 
All Others <1 <5 

Bis(2-ethylhexyl)phthala1 e 
MB 60 
No.19 32 
WCC-1D 36 
WCC-1M 22 
WCC-2M 43 
WCC-4M 43 
WCC-6D (4) 27 
WCC-6S (1) 42 
WCC-7M 37 
WCC-9D 24 
WCC-11S 175 
All Others <20 

1,2-Dichloropropane 
A 2.2 
B 3.8 
No. 11 2.9 
No.12 375 10 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
WCC-1M 6.0 
WCC-5S 129 
WCC-6M (3) 3.2 
WCC-6S (1) 122 
WCC-6S (2) 101 
WCC-7M 34 
WCC-11S 4.2 
WCC-15D 17.2 
WCC-15S 11.6 24 
All Others <1 

Ghlorobenzene 
B 06 300 110 
DEP-2 12 290 460 
DW-1S 22 
DW-5D 59 
DW-5S 290 
DW-7D 580 
M-3 20 17 
No.12 26.9 300 
WCC-6S (2) 32 
WCC-6S (1) 115 
WCC-7M 3.8 
WCC-11S 07 4.5 65 35 
WCC-12M 08 900 1100 
WCC-15D 3.9 
WCC-15S 14 100 580 
All Others <1 <5 

Trans-1,2-Dichloroethyl' sne 
A 26.4 
B 06 110 
DEP-1 10 4 J 
DEP-2 12 46 J 
M-3 20 30 
No.11 12.0 
No.12 925 
WCC-1M 01 32 
WCC-5S 81 
WCC-6M (3) 4.9 
WCC-6S (2) 26.3 
WCC-6S (1) 185 
WCC-7M 3.1 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
WCC-11D 2.5 
WCC-11M 23.0 
WCC-11S 07 31 24 
WCC-12M 8 1600 
WCC-15D 41 
WCC-15S 131 
All Others <1 <5 

Ethyibenzene 
A 3.9 
B 06 22 
DEP-2 12 72 JB 87 
DW-5D 10 
DW-5S 26 
DW-7S 40 
M-2 17 
No.11 5.3 
No. 12 330 
WCC-6S (1) 60 
WCC-6S (2) 82 
WCC-7M 5.4 
WCC-11M 6.0 
WCC-11S 07 6.4 16 
WCC-12M 50 
WCC-15D 12.4 
WCC-15S 14 14.1 68 
All Others <1 <5 

Total Xylenes 
A 9.4 
M-2 10 
No.12 1190 
WCC-6S (1) 185 
WCC-6S (2) 116 
WCC-7M 7.2 
WCC-11M 9.3 
WCC-11S 6.8 
WCC-15D 30 
WCC-15S 42 
All Others <1 
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ORGAN ICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 ' 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
1,1,1 -Trichloroethane 
DW-6D 12 
DW-6S 12 
M-1 2.6 
M-2 3.7 
No.12 38 
TB-3 0.9 J 
WCC-6S (1) 2200 
WCC-6S (2) 56 
WCC-9D 2.7 
All Others <1 

Trichloroethylene (Trichk roethene) 
A 05 72 
DEP-1 10 6 
DW-1D 10 
DW-5D 38 
DW-7S 59 
M-2 14 
M-2 20.3 
M-3 20 7 
M-6 80 
No.11 2.3 
No.12 1230 
T-1 19 47 
WCC-1M 19 
WCC-1M 01 38 
WCC-6D 17 17 
WCC-6S (1) 524 
WCC-9D 5.3 
WCC-9M 03 190 
WCC-11M 12.9 
WCC-15M 13 17 
All Others <1 <5 

Chrysene 
M-1 24 
WCC-6S (2) 24 
All Others <20 

1,3-Dichlorobenzene 
WCC-6S (2) 21 * 
All Others <20 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date:, 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 

1,4-Dichlorobenzene 
WCC-6S (2) 21 * 
All Others <20 

Hexachlorobenzene 
WCC-6S (2) 53 
All Others <20 

Hexachlorobutadiene 
No. 12 1 8 2  * * *  
WCC-6S (2) 73 
All Others <20 

N-nitrosodiphenylamine 
No.12 208 
WCC-6S (1) 471 
WCC-6S (2) 24 
All Others <20 

Benzidene 
WCC-9D 34 
All Others <20 

Dimethylphthalate 
WCC-11S 93 
WCC-6S (1) 26 
All Others <20 

Bis(2-chloroethoxy)meth ane 
No.12 4 1  * *  
All Others <20 

Naphthalene 
No.12 4 1  * *  
All Others <20 

Nitrobenzene 
No.12 1 8 2  * * *  
All Others <20 
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ORGAN ICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
N-nitrosodi-n-propylam ne 
No. 12 1 8 2  * * *  
All Others <20 

2-Chloronaphthalene 
No.12 102 
All Others <20 

Chloroform 
DEP-1 10 4 J 
DEP-2 12 200 B 
FB-3 16 
No.3 1 
TB-1 31 
TB-3 6 B 
T-1 2 
WCC-6S (1) 1070 
All Others <1 <5 

Acenaphthene 
WCC-6S (1) 23 
All Others <20 

Acenaphthylene 
WCC-6S (1) 46 
All Others <20 

Hexachlorocyclopentadi€ ne 
No.12 125 
WCC-6S (1) 184 
All Others <20 

Vinyl Chloride 
B 06 7 J 
DW-7S 11 
WCC-11S 07 7 J 
All Others <10 

Chloromethane 
WCC-15M 13 9 J 
All Others <10 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: 

Source: 

#? 3/82 

PAS 3/82 

5/85 

NJDEP Wehran 4/87 

11/14-16/88 

Wehran 4/89 
T richlorofluoromethane 
C 2 JB 
MB 2 J 
PA-05 3 JB 

1,2-Dichloroethene(Tota ) 
B 220 
DEP-2 48 
DW-1D 10 
DW-5D 34 
DW-7S 56 
No.12 500 
WCC-12M 400 
WCC-15S 1600 
All Others <10 

Tetrachloroethene 
DW-5D 18 
DW-7S 24 
All Others <10 

Trichloroethene 
B 48 
No.12 120 
T-1 33 
WCC-15S 340 

1,3-Dichloropropene 
B 6 

Footnotes: 
* ,  *  * ,  a n d  *  *  *  =  C o m p o u n d s  e l u t e  a t  a  s i m i l a r  r e t e n t i o n  t i m e .  
For 4-87 Data: 
< means that the compound was analyzed for but not detected at specified detection limit. 
B means the analyte was found in the blanks as well as the sample. It indicates possible 

sample contamination and warns the data user to use caution when applying the 
results of this analyte. 

J indicates that the compound was analyzed for and determined to be present in the 
sample. The mass spectrum of the compound meets the identification criteria of the 
method. The concentration listed is an estimated value, which is less than the 
specified minimum detection limit but is greater than zero. 
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ORGANICS DETECTED IN ALL WELLS (ppb) 
(Continued) 

Sampling Date: #? 3/82 5/85 11/14-16/88 

Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89 
#? = Numbers not in parentheses are sample number qualifiers presented in the 4-87 

data. Numbers in parentheses are sample number qualifiers presented in the 
3-31-82 data. There is no indication as to what these numbers mean. 

This table does not include Methylene Chloride or 1,1,2,2-Tetrachlorethane. 
They are inlcuded in the table of the five constituents 
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APPENDIX A-4 

INDEX TO MAPS ON FIGURE 1-5 
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INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984) 

AT Atslon sand 

BoB Boonton loam, 2 to 5 percent slopes 

BoC Boonton loam, 5 to 10 percent slopes 

BoD Boonton loam, iu to 15 percent slopes 

BUB Boonton-urban land complex, 0 to 5 percent slopes 

ChA Chalfont silt loam, 0 to 2 percent slopes 

ChB Chalfont loam, 2 to 5 percent slopes .. 

DnA Downer loamy sand, 2 to 5 percent slopes 

DnC Downer loamy sand, 5 to 15 percent slopes 

DoB Downer sandy loam, 2 to 5 percent slopes 

DIB Downer-Urban land complex, 0 to 10 percent slopes 

DTD Downer-urban land complex, 10 to 15 percent slopes 

DUA Dunellen-urban land complex, 0 to 5 percent slopes 

DvA Dunellen Variant sandy loam, 0 to 2 percent slopes 

DvB Dunellen Variant sandy loam, 2 to 5 percent slopes 

DWA Dunellen Variant-Urban land complex, u to 5 percent slopes.... 
Ek Elkton loam 

EoA El 1inyton Variant sandy loam, 0 to 2 percent slopes 

EoB El 1inyton Variant sandy loam, 2 to 5 percent slopes .......... 

ESA Ellington Variant-Urban land complex, 0 to 5 percent slopes... 

EvB Evesboro sand, 0 to 5 percent slopes 

EvC Evesboro sand, 5 to 10 percent slopes 

EvD Evesboro sand, 10 to 15 percent slopes 
Fa Fallsington sandy loam 

Fb Fallsington loam 

Fd Fallsington Variant loam 
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INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984) 

FrB Fort Mott loamy sand, 0 to 5 percent 

HaA Haledon silt loam, 0 to 2 percent slopes 

HaB Haledon silt loam, 2 to 5 percent slopes 

HBB Haledon-Urban land complex, 0 to 5 percent slopes 

HCA Haledon Variant silt loam, 0 to 2 percent slopes 

HeA Hammonton loamy sand, 0 to 3 percent slopes 

HIA Hammonton loamy sand, clayey substratun, 0 to 3 percent slopes. 

HmA Hammonton sandy loam, 0 to 2 percent slopes 

HoA Holmdel fine sandy loam, 0 to 2 percent slopes 

HU Humaquepts, frequently flooded 

KeA Keyport sandy loam, 0 to 2 percent slopes 

KeB Keyport sandy loam, 2 to 5 percent slopes 

KeD Keyport sandy loam, 10 to 15 percent slopes 

KfA Keyport loam, 0 to 2 percent slopes 

KfC Keyport loam, 5 to 10 percent slopes 

KfD Keyport loam, 10 to 15 percent slopes 

KGB Keyport-Urban land complex, 0 to 10 percent slopes 

KlA Klej loamy sand, 0 to 3 percent slopes 

KmA Klej loamy sand, clayey substratum, 0 to 3 percent slopes 

KUA Klej clayey substratum-Urban land complex,0 to 5 percent slopes 

KvB Klinesville shaly loam, 0 to 5 percent slopes 

KvO Klinesville shaly loam, 5 to 15 percent slopes 

KvE Klinesville shaly loam, 15 to 25 percent slopes 

KWB KUnesvlHe-Urban land complex, 0 to 5 percent slopes 
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INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984) 

laA Lakehurst sand, 0 to 3 percent slopes 

LeB Lakewood sand, 2 to 8 percent slopes 

LnA Lansdowne silt loam, 0 to 2 percent slopes 

LnB Lansdowne silt loam, 2 to 5 percent slopes 

LUA Lansdowne silt loa, 2 to 5 percent slopes 

LvA Lansdowne Variant silt loam, 0 to 2 percent slopes .... 
Ma Manahawkin muck 

\ 

MeA Matapeake silt loam, 0 to 2 percent slopes 

MeB Matapeake silt loam, 2 to 5 percent slopes 

MvjA Mattapex silt loam, 0 to 2 percent slopes 

MgB Mattapex silt loam, 2 to 5 percent slopes 

MoA Mount Lucas silt loam, u to 2 percent slopes 

MoB Mount Lucas silt loam, 2 ro 5 percent slopes 

MsB Mount Lucas very stony silt loam, 0 to 5 percent slopes 

Mu Mullica sandy loam 

NaA Nixon loam, 0 to 2 percent slopes 

NaB Nixon loam, 2 to 5 percent slopes 

NCB Nixon-urban land complex, 0 to 5 percent slopes 

NfA Nixon Variant loam, u to 2 percent slopes 

NfB Nixon Variant loam, 2 to 5 percent slopes 

NGA Nixon Variant-Urban land complex, 0 to 5 percent slopes 

Pa Parsippany silt loam 

Pb Parsippany silt loam, frequently flooded 

Pc Parsippany Variant silt loan 
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INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984) 

PeA Pemberton loamy sand, 0 to 3 percent slopes 

PfA Penn silt loam, 0 to 2 percent slopes 

PfB Penn silt loam, 2 to 5 percent slopes 

PhD Phalanx loamy sand, 2 to 15 percent slopes 

PL Pits, clay 

PM Pits, sand and gravel 

PN Psamments, nearly level 

PO Psamments, sultidic substratum 

PW Psamments, waste substratum 

ReA Reaville silt loam, 0 to 2 percent slopes 

ReA Reaville silt loam, 2 to 5 percent slopes 

RFA Reavilie-Urban land complex, 0 to 5 percent slopes ... 

Rh Reaville Variant silt loam 

Ro Rowland silt loam 

SaA Sassafras sandy loam, 0 to 2 percent slopes 

SaB Sassafras sandy loam, 2 to 5 percent slopes 

SaC Sassafras sandy loam, 5 to 10 percent slopes 

SgB Sassafras gravelly sandy loam, 2 to 5 percent slopes . 

SgC Sassafras gravelly sandy loam, 5 to 10 percent slopes 

SgD Sassafras gravelly sandy loam, 10 to 15 percent slopes 

SIA Sassafras loam, 0 to 2 percent slopes 

SIB Sassafras loam, 2 to 5 percent slopes 

SMB Sassafras-Urban land complex, 0 to 5 percent slopes .. 

SrA Shrewsbury sandy loam, 0 to 2 percent slopes 
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INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984) 

SU Sulfaquents and sulflhemists, frequently flooded 

TnB Tinton loamy sand, 0 to 5 percent slopes 

UB Udorthenths, bedrock substratun 

UC Udorthents, clayey substratun 

UD Udorthents, wer substratum-urban land complex 
UL Urban land . 

Wa Watchung very stony silt loam, 0 to 2 percent slopes 

WdA Woodstown sandy loam, 0 to 2 percent slopes 

WdB Woodstown sandy loam, 2 to 5 percent slopes 

WkA Woodstown sandy loam, clayey substratum,0 to 2 percent slopes.. 

WkB Woodstown sandy loan, clayey substratun,2 to 5 percent slopes.. 
WIA Woodstown loam, 0 to 2 percent slopes 
WIB Woodstown loam, 2 to 5 percent slopes 

WU Woodstown-Urban land complex, 0 to 5 percent slopes 
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AVAILABLE WELL CONSTRUCTION INFORMATION 

w<* NO. Selected? Source of 
Information 1/ 

Total WW 
Depth 

Estimated Elevatior 
of Well Bottom 

Screened 
Unit(s) 

Land Surface 
Elevation 

Top of Casing 
Elevation 

Top Of 

Screen 
(depth) 

Bottom of 
Screen 
(depth) 

A Yes W83/ADVDM80 51.8d/50 e -27.14 Old Bridge 22.86 d 
Yes W83/AD*/DM80 -22.51 24.99 d 

C ' NO WELL CC INSTRUCTION INFORMATION 
o Yes W83/AD */DM80 52(1/49.0 e -21.64 Old Bridge 27.36c 29.16 d 

Yes W83/AD "/DM80 >: :':a f 40dM0.0. O -10.92 29.08 d 
F Yes AD* V:v.,;^i88.0-..o' — 

G .. Yes AD*/DM80 iSMiW40.0 0 -2.18 Old Bridge 37.82c 
H Yes AD*/DM80 36.0 e -9.26 Old Bridge 26.74c 

M-1 DM80/W83 V . 44.4 c -19.97 Old Bridge 24.43 C 23.79 d 
M-2 Yes W83/DM80/W89 37.9 b -14.22 Old Bridge 22.75 C 22.75d/23.68 b 
M-3 W83/DM80 45.6 C -22.83 Old Bridge 22.77 c 22.77 d 
M—4 DM80 — 

M-5 DM80 — 

M-€ Yes W89 48.7 b — — b 

S—1':. Yes W83/DM80 -6.68 Old Bridge 23.32c 23.32 d 
S-2 DM80 — 

•S-3; Yes DM80 'iv i :•*. c 2.05 Old Bridge 27.05c 
i!:-

WCC-1M Yes W83/W89 58.1 b -27.22 27.31 d/27.88 b 
WCC-1D > Yes W86*/W89* 101.258/98.9 b -71.13 Raritan 26 a 26.79d/27.77 b 91 101 
WCC-2M Yes W86*/W89* 55.758/57.21 b -29.01 Raritan 24 a 26.34d/28.20 b 45/46 55/56 
WCC-3D Yes W86*/W89" 818/80.258/85.05 b -55.57 Raritan 26 a 29.11d/29.48 b 71 81 
WCCt3S - W83 — 27.63 d 
WCC-3M Yes W89 -22.37 28.39 b 
WCC-4M :••• • Yes W86* Raritan 47 57 
WCC*̂ D : Yes W86* 80.16 a -55.59 24 a 24.57 d 
WCC-4S W83 •' •• iiKi i-':1: ': — 24.25 d 
WCC-SM W86* 35.75 8 -9.57 Raritan 26 a 25 35 WCC-SS W83 — 26.96 d 
WCC-6D Yes W86*/W89* 808/80.5 a -54.05 Raritan 25 a 25.95 d 65 75 WCC-68 Yes W83/W89 37.7 b -10.72 26.98d/26.35d/26.98 b 
WCC-6M Yes W83/W89 55.56 b -29.41 26.15d/26.15 b 
WCC-7M Yes W86* 55.10 a -28.74 Raritan 25 a 26.36 d 45 55 



AVAILABLE WELL CONSTRUCTION INFORMATION 

Wed No. 

WCC-9M 
WCC-9S 
WCC-9D 
WCC-110 
WCC-11S 
WCC-11M 
WCC-12M 
WCC-13M 
WCC-14S 
WCC-15M 
WCC-15S 
WCC-1SD 
WCC-16S 

WB-1 
WE-2 
WE-3 
WE-4 

T-1 
T-2 
T-3 

N0.1 
No .2 
No.3 
No.4 
No.5 
N0.6 
N0.7 
No.8 
N0.9 
No.10 
NO. 11 
NO.12 
No.13 

Selected? 

Yes 

Source of 
taformotton 

W86* 
W83 

Total wel 
Depth 

88.58/66.50 

NO WELL CONSTRUCTION INFORMATION 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

W86*/W89* 
W83/W89 
W83/W89 

W86*/W89* 
W86*/W89* 

W83 
W86* 
W83 

71.80 8 
20.06 
51.88 b 

86.508/56.80 b 
86.508/55.88 b 

51.50 a 

NO WELL CONSTRUCTION INFORMATION 
Yes W83/W89 

W83*/W86* 
W83*/W86* 

W83* 
W83* 

Con83 

20.04 b 

25d 
2Sd 
25d 
25d 

NO WELL CONSTRUCTION INFORMATION 
NO WELL CONSTRUCTION INFORMATION 

Yes 
Yes 
Yes 

DM80 
DM80 

AD*/W86* 
AD*/W86* 
AD*/W86* 

S8e 
38+e 
848 NO WELL CONSTRUCTION INFORMATION 

NO WELL CONSTRUCTION INFORMATION . 
NO WELL CONSTRUCTION INFORMATION 

Yes 
Yes 

Yes 

AD*/W86* 
AD*/W86* 

AD*/DM80/W86* 
DM80 

ADVDM80/W86* 

570/67.83 0 
610/71.00 a 
520/51.78 a 

5Q7e/60.63c/S8.00 a 

Estimated Elevation 
of Weil Bottom 

-31.55 

-48.29 
2.83 

-28.63 
-33.67 
-34.71 

-29.56 

3.27 

0.69 
-0.29 
2.11 

-0.81 

-39 
-46 

-34.08 

-40.37 

Screened 
Unit(s) 

Raritan 

Raritan 

Raritan 
Raritan 

Raritan 

Old Bridge 

Old Bridge 

Land Surface 
Elevation 

23 a 

22 a 

22 a 
19 a 

21 a 

24a/25.69d 
24a/24.71d 

27.11d 
24.19d 

Top of Casing 
Elevation 

23.95 d 
24.34 d 

23.21 d 
22.89d/22.89 b 
23.25d/23.25 b 
22.83d/22.83 b 

1ft stkup/21.17 b 
20.39 d 
21.94 d 
22.02 d 

23.31 d/23.31 b 

27.72 d 
26.93 d 
29.01 d 
26.17 d 

18 a 
15 a 

I7.67c/17a 

17.63c/17a 

Top of 
Screen 
(depth) 

15.98 

45 

55 

45 
44 

38 

23 
23 
23 
23 

12.98 
14.78 

22c 

Bottom of 
Screen 
(depth) 

55 

65 

55 
54 

48 

25 
25 
25 
25 

32c 



AVAILABLE WELL CONSTRUCTION INFORMATION 

wen No. Selected? Source of 
Information 

Total wen 
Depth 

Estimated Elevatior 
of wen Bottom 

Screened 
Unit(s) 

Land Surface 
Elevation 

Top of Casing 
Elevation 

Top of 
Screen 
(depth) 

Bottom of 
Screen 
(depth) No.14 NO WELL CONSTRUCTION INFORMATION 

N0.15 NO WELL CI INSTRUCTION INf ORMATION 
NO. 16 i Yes 71.7C -53.32 S.Amboy Fire Clay 18.38c 
No.17 -42.7 Old Bridge 20.00c 
No.18 NO WELL CONSTRUCTION INFORMATION 
No. 19 Yes 1 1 74.0C -54 S.Amboy Fire Clay 20.00c 
No.20 NO WELL CONSTRUCTION INFORMATION 
No.21 NO WELL CONSTRUCTION INFORMATION 
No.22 NO WELL CC INSTRUCTION INF ORMATION ... 

Layne #1A DM80 • >200c . >-177 Farrington 23.00c 
Layna #1 DM80 — 

Layne §2 DM80 >200C >-180 Farrington 20.00c 
Layne #3 DM80 — 

Layne #4 Yes DM80 70c -50 Old Bridge 20.00c 
Layne #8 DM80 — 

Schoor #1 NO WELL CC NSTRUCTION INF ORMATION 
Sctioor #2 DM80 — 

Schoor #3 DM80 — . 
Schoor 44 DM80 — 

DEP-1 Yes W89* 59.33 b -34.67 24.66 h 50 60' DEP-2 Yes W89* 35.25 b -10.87 24.38 b 24.2 36 5 DEP-3 NO WELL CO NSTRUCTION INF ORMATION 
DEPM Yes W89* 27.6 b -7.81 19.79 b 20 30 

DW-1S Yes W89* -5.47 20.68 h 14.52 24 52 DW-r10 Yes W89* 56.35 b -35.67 20.68 h 44.63 54 63 DW-2S Yes W89* .26.80 b -4.6 22.20 b 14.75 24 75 DW-3S Yes W89* 28.29 b -2.32 23.97 h 14.32 24 32 DW-30 Yes W89* 56.48 b -32.12 24.36 b 44.49 54 49 DW-4S 
DW-4D 
OW-SS 
DW-SD 

Yes 
Yes 
Yes 
Yes 

W89* 
W89* 
W89" 
W89* 

27.0 b 
68.27 b 
25.48 b 
52.26 b 

0.51 
-28.56 
-2.69 
-29.5 

27.51 
27.71 
22.79 
22.76 

b 
b 
b 
b 

15.41 
44.36 
13.87 
40.63 

25.41 
54.36 
23.87 
50.63 



AVAILABLE WELL CONSTRUCTION INFORMATION 

wel No. Selected? Source of 
Infonnalion 

Total WeB 
Depth 

Estimated Elevation 
of Well Bottom 

Screened 
Unit(s) 

Land Surface 
Elevation 

Top of Casing 
Elevation 

Top of 
Screen 
(depth) 

Bottom of 
Screen 
(depth) DW-8S Yes W89* 28.78 b -5.25 21.53 b 14.80 24.80 DW-flO : Yes W89* 57.64 b -36.31 21.33 b 45.68 55.68 DW-7S Yes W89* 26.17 b -3.26 22.91 b 14.62 24.62 DW-7D Yes W89* 53.54 b. -30.12 23.42 b 41.52 51.52 

> 
I 



WeMNO. WON 
Type 

Date 
tnstaaed 

DdMng 
Method 

Diameter Screen 
Length 

Screen 
Material 

Top of 
Filter Pack 

(depth) 

Filter Pack 
Material 

Top of 
Bent Seal 

(depth) 

Top of 
Grout 

(depth) 

Grout 
Material 

Surface Seal 
Material 

Blank 
Material 

observation 11-74 3* sch40 PVC concrete pad sch40 PVC observation 11-74 3' sch40 PVC concrete pad sch40 PVC C;.:.;.,-?/::..-.... 
0 I'- observation 11-74 3* sch40 PVC concrete pad sch40 PVC 
£- •  • observation 11-74 3' sch40 PVC concrete pad sch40 PVC F observation 11-74 3* sch40 PVC concrete pad SCh40 PVC G observation 11-74 3* sch40 PVC concrete pad sch40 PVC H ; observation 11-74 3' sch40 PVC concrete pad sch40 PVC 

M-1 indust H20 sup? 
M-2 
M-3 
M-4 
M-5 
M-6 3* 

S-1 
S—2, 
S—3 

WCC-1M : 
WCC-1D monitoring 1-81 2" 10 sch40 PVC — ___ sch40 PVC WCC-2M monitoring 1-81 2" 10 sch40 PVC 42 sand surface mud sch40 PVC WCC-3D monitoring 1-81 2- 10 sch40 PVC — _ _  sch40 PVC WCC-3S : 
WCC-3M 2' 
WCC-r4M: v:; 1-81 2- 10 sch40 PVC — __ _ _ sch40 PVC WCC-4D monitoring 
WCC-4S 
WCG»6M. •• monitoring 1-81 2" 10 sch40 PVC 22 sand surface heavy mud sch40 PVC WCC-SS 
WCC-6D: monitoring 1-81 2' 10 8Ct>40 PVC — __ sch40 PVC WCC-6S : • 
WCC-6M 
WCC-7M monitoring 1-81 2" 10 SCh40 PVC 40 sand surface thick mud sch40 PVC 



Wei No. Wa« 
Typo 

Date 
inataaed 

DfNNng 
Method 

taameter Screen 
Length 

Screen 
Material 

Top of 
Rlter Pack 

(depth) 

Rlter Pack 
Material 

Top of 
Bent Seal 

(depth) 

Top of 
Grout 

(depth) 

Grout 
Material 

Surface Seal 
Material 

Blank 
Material 

WCC-9M monitoring 4-81 2" 10 sch40 PVC 42 sand 2 heavy mud concrete sch40 PVC 
WCC-9S 
WCC-9D 
WCC-11D monitoring 4-81 2' 10 ScMOPVC 52 sand 2 heavy mud cement sch40 PVC 
WCC-11S 
WCC-11M 
WCC-12M monitoring 4-81 2* 10 sch40 PVC 42 sand 2 heavy mud cement sch40 PVC 
WCC-13M monitoring 4-81 2" 10 scMOPVC 41 sand 2 heavy mud concrete sch40 PVC 
WCC-14S 
WCC-15M monitoring 4-81 2' 10 scMOPVC 34 sand 2 heavy mud concrete? sch40 PVC 
WCC-15S 
WCC-15D 
WCC-16S 

WE-1 2-83 mud 1 1/4" 2* PVC 21 sand 17 surface Cemt Bent PVC 
WE-2 2-83 mud 1 1/4* 2* PVC 21.5 sand 19 surface Cemt Bent PVC 
WE-3 mud 1 1/4" 2' PVC 20 sand 18 surface Cemt Bent PVC 
WE-4 — 1 1/4* 2' PVC 20 sand 18 surface Cemt Bent PVC 

T-1 •; water supply 
T-2 
T-3 

N0.1 Bonnet Suction 
No. 2 Bonnet Suction 
No.3 Bennet Suction 1934 6" 15' 
No.4 Bonnet Suction pre-1934 10" 21* 
No.5 Bennet Suction 7-40 6" 15' 
No.6 
No.7 
No.8 
NO.9 Bennet Suction 1912 6" 10' 
No. 10 Bennet Suction 1911 8" 15" 
No.11 Bennet Suction 1911 15' 
NO. 12 Bennet Suction 
N0.13 Bennet Suction 1911 6" 8"X10" 



WAN No. wen 
Type 

bate: 
tnetaRed 

Drilling 
Method 

Diameter Screen 
Length 

Screen 
Material 

Top of 
Filter Pack 

(depth) 

Filter Pack 
Material 

Top of 
Bent Seal 

(depth) 

Top of 
Grout 

(depth) 

Grout 
Material 

Surface Seal 
Material 

Blank 
Material 

NO. 14 
N0.1B 
No.16 Bonnet Suction 
N0.17 Bonnet Suction 
No. 18 
No.19 Bonnet Suction 
No. 20 
No.21 
No.22 

_ 
Layne #1A 
Layno#1 
Layne #2 
Layne #3 
Layno #4 
Layno #6 

Sctioor #1 
Schoor #2 
Sctioor #3 
Schoor #4 

DEP-1 10-82 HSA 2" 10 20slot PVC PVC 
DEP-2 monitoring 10-82 HSA 2" 12.3 20slot PVC PVC 
DEP-3 
DEP-4 10-82 HSA 2" 10 20slot PVC PVC 

DW-1S monitoring ? HSA 2" 10 PVC 12 sand 10 5 cemt bent cement PVC 
DW-1D monitoring 10-88 2' 10 PVC 40 sand 38 5 cemt bent cement PVC 
DW-2S monitoring 10-88 2" 10 PVC 11.5 sand 10 4 cemt bent cement PVC 
DW-3S monitoring 10-88 HSA 4* 10 PVC 12 sand 10 5 cemt bent cement PVC 
DW-30 monitoring 10-88 4* 10 PVC 42 sand 40 5 cemt bent cement PVC 
DW-4S monitoring 11-88 HSA 2" 10 PVC 12.3 sand 10.3 4 cemt bent cement PVC 
DW-4D monitoring 11-88 2* 10 PVC 40 sand 37 4 cemt bent cement PVC 
DW-5S monitoring 10-88 HSA 2" 10 PVC 11.8 sand 9.8 4 cemt bent cement PVC 
DW-50 monitoring 10-88 2" 10 PVC 35.7 sand 33.8 4 cemt bent cement PVC 



WeRNO. 

DW-8S 
DW-60 
DW-7S 
DW-7D 

WON 
Type 

monitoring 
monitoring 
monitoring 
monitoring 

Date 
InetaRed 

10-88 
10-88 
10-88 
10-88 

DriMng 
Method 

HSA 

Diameter 

2" 
2* 

Screen 
Length 

10 
10 
10 
10 

Screen 
Material 

PVC 
PVC 
PVC 
PVC 

Top of 
Filter Pack 

(depth) 
12 
42 

11.5 
38 

Filter Pack 
Material 

sand 
sand 
sand 
sand 

Top of 
Bent Seal 
(depth) 

9 
40 

8.8 
35 

Top of 
Grout 

(depth) 
4.5 

Grout 
Material 

cemt bent 
cemt bent 
cemt bent 
cemt bent 

Surface Seal 
Material 

cement 
cement 
cement 
cement 

Blank 
Material 

PVC 
PVC 
PVC 

> 
I 

Ln 



Weil No. Comment 

A Also called 'AD-* and "PA-* 
B Also called 'AD-* and 'PA-' c 
D Also called "AD-" and 'PA-* 
E' ' Also called 'AD-' and "PA-* 
F 
Q 
H 

M-1 Also called 'Ml-* 
M-2 iv.,. Also called 'Ml-' 
M-3 Also called 'Ml-' 
M-4 Also called 'Ml-* 
M-S Also called 'Ml-* 
M-«": Also called 'Ml-* 

S-1 
S-2 
S-3 • 

WCC-1M 
WCC-1D 
WCC-2M Also called WCC-2 
WCC-3D : 
WCC-3S 
WCC-3M 
WCC-4M See note at bottom of table. 
WCC-40 See note at bottom of table. 
WCC-4S 
WCC-6M -

WCC-6S 
WCC-6D 
WCC-6S 
WCC-6M 
WCC-7M 



wen No. : Comment 

WCC-9M 
WCC-9S 
WCC-9D 
WCC-11D 
WCC-11S Also called WCC-11VS 
WCC-11M 
WCC-12M 
WCC-13M 
WCC-14S 
WCC-1SM Well Depth reported for 'WCC-15", assummed to be WCC-1SM 
WCC-15S 
WCC-16D 
WCC-16S Also called WCC-16VS 

WE-1 pumped 125-150 gals to develop 
WE-2: pumped 125-150 gals to develop 
WE-3 pumped 125-150 gals to develop 
WE-4 pumped 125-150 gals to develop 

T-l • - Also called MI-T-1, M1-T1. or MI-T1 
T-2 ' 
T-3 

NO.1 
No.2 
No.3 shut down 2/72,6/73 
N0.4 shut down 12/1/70 
NO. 5 shut down 2/72,6/73 
No.6 
No.7 
No. 8 
No.9 shut down 2/72,6/73, Also B-9 
No.10 shut down 2/72,6/73, Also B-10 
No.11 shut down 2/72,6/73, Also B-11 
No.12 
NO. 13 J shut down 2/72,6/73, Also B-13 



weflNo. Comment 

NO.14 
140.15 
No.16 P08S. also screened in Old Bridge 
140.17 
(40.18 
No. 19 poss. also screened in Old Bridge 
No. 20 
No.21 
No. 22 

Layne #1A 
Layne #1 
Layne #2 : 
Layne #3 
Layne #4 
Layne #6 

Schoorfl Also called SE-1 
Schoor #2 Also called SE-2 
Schoor #3 Also called SE-3 
Schoor #4 Also called SE-4 

DEP-1 Also called ST-1 
OEP-2 • "•••• Also called ST-2 
DEP-3 
OEP-4 Also called ST-4 

DW-1S developed by centrifugal pump for at least 2 hours 
0VY-10 developed by centrifugal pump for at least 2 hours 
0W-2S developed by centrifugal pump for at least 2 hours 
0W-3S developed by centrifugal pump for at least 2 hours 
0W-30 developed by centrifugal pump for at least 2 hours 
OW-4S developed by centrifugal pump for at least 2 hours 

developed by centrifugal pump for at least 2 hours 
0W-6S developed by centrifugal pump for at least 2 hours 
OW-60 developed by centrifugal pump for at least 2 hours | 



Weil No. Comment 

0W-6S developed by centrifugal pump for at least 2 hours 
OW-6D developed by centrifugal pump for at least 2 hours 
OW-7S developed by centrifugal pump for at least 2 hours 
DW-7D developed by centrifugal pump for at least 2 hours 

> 
I •P-vo 



AVAILABLE WELL CONSTRUCTION INFORMATION 

NOTES: (1) Table contains information specifically presented in available documents. 
(2) All elevations and depths are in feet. 
(3) A Yes in the 'Selected' column indicates that the well is listed in the table presented as Appendix A.9. 
(4) Well Survey Coordinates were not available for any wells. 
(5) Additional well depth and top of casing information received from NJDEP on 6-9-89 could not be incorporated into this Draft FS. 
* - Reference includes well log. Log for WCC-4X (Wehran 1986) is identified as both WCC-4M and WCC-4D. 

Professional lodgement used to differentiate well log information for Wells WCC-4M and WCC-4D. 
Logs for WE-1 and WE-2 given in Wehran 1986 are for test borings (grouted). Well construction logs given in Wehran 1983. 

a - Wehran 1986. Ground surface elevation is plus or minus two feet, 
b • Wehren 1989. Note: Total Well Depth • Depth of well below top of protective casing, 
c - Dames and Moore 1980. Well depths estimated from cross sections, 
d = Wehren 1983 
e - Ad-Tek1975 
? - Data illegible or otherwise questionable 
AD -Ad-Tek 1975 

^ DM80 - Dames and Moore 1980 
o Con83 - Converse Consultants 1983 

W83 -Wehran 1983 
W86 -Wehran 1986 
W89 - Wehran 1989 



APPENDIX A-6 

WELL LOGS AND WELL RECORDS 
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USEABLE WELL LIST 

Well Total Depth 
(feet) 

Screen Depth 
(feet) 

Unit Detected 

A 51.5/50 NA OB YES 
B 52/47.5 NA OB YES 
D 52/49.0 NA OB YES 
E 40 NA OB YES 
F 58.0 NA OB YES 
G 40.0 NA OB YES 
H 36.0 NA OB YES 
S-l 30.0 NA OB YES 
S-3 25.0 NA OB YES 
WCC-1M YES 
WCC-1D 101.25 91 - 101 OB YES 
WCC-2M 55.75 45/46 - 55/56 OB YES 
WCC-3M YES 
WCC-3D 81/80.25 71 - 81 OB YES 
WCC-4M(D) 80.16 47 - 57 OB YES 
WCC-6S YES 
WCC-6M YES 
WCC-6D 80/80.5 65 - 75 OB YES 
WCC-7M 55.1 45 - 55 OB YES 
WCC-9M 55.5/56.5 45 - 55 OB YES 
WCC-11S YES 
WCC-11M YES 
WCC-11D 71.5 55 - 65 OB YES 
WCC-12M 56.5 45 - 55 OB YES 
WCC-13M 56.5 44 - 54 OB YES 
WCC-15M 51.5 38 - 48 OB YES 
WCC-16S YES 
NO. 3 58 NA OB YES 
NO. 4 38+ NA OB YES 
NO. 5 54 NA OB YES 
NO. 10 61/71 NA OB/SA YES 
NO. 11 52/51.75 NA OB YES 
NO. 13 50/60.63/58 NA OB YES 
NO. 16 71.7 NA OB/SA YES 
NO. 19 74.0 NA OB/SA YES 
L-4 70 NA OB YES 
M-2 YES 
M-6 YES 
DEP-1 YES 
DEP-2 YES 
DEP-4 YES 
DW-1S YES 
DW-1D YES 
DW-2S YES 
DW-3S YES 
DW-3D YES 
DW-4S YES 
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DW-4D YES 
DW-5S YES 
DW-5D YES 
DW-6S YES 
DW-6D YES 
DW-7S YES 
DW-7D YES 

NA = not available 
OB = Old Bridge Aquifer 
SA = South Amboy Fire Clay 
Detected Values = one or more of the five constituents of 

concern were detected in samples collected 
from the well 
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SOURCE: AD-TEK 1975 
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I CORING NO. 
4-3-73 ^ AT LI 
NA ELEVA1 ION 

BORINGS tiY | 
TECHNICAL TESTING CO j 

C A S I N G  I N '  G A C > J  N  C  1 .  1  -  S  

CASING INSTALLED 14'-C 
SOIL SAMPLING 2 ' -C 

CASING 
H— U. LJ 

r_ 
d 
u -J SAMPLER DEPT.M OF DESCRIPTION OF STRATA 

3L0WS/T M < a. 
C BLOWS/6"' STRATA 

Q 
< 

< CO 
• l * »• 

2 1 
0 » 

*> ! 

5 3. 1 
7 4 
10 5 
20 5 i 
5 3 7 i 

! 60 3 1 t 
6 4 1 " 9 1 

! 

69 10 1 
S 0 1 11 1 

1 42/6" 12 1 
I  ' 1 3 : 1  

I 14 i 1 

T ! 
:• 

NOT RECORDED 
I I ' - 6 "  

1 3 1 - 6 "  

5o tcom of Installed Casing 
Brown M-C SAND, Trace GRAVE! 
Trace SILT _ 
Sampling Operation .. 
Terminated At 13*-6" 

1 Lccacion 
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Within the Xacison Tcvnshi? 
AvitnOJTi.cy idsc;..i2. i u  

north east of Jernees Mill 
Roac and north west of Old 
wacer works Road. 

TECHNICAL TESTING INC 



Li 0; \i G NO. 
-  3 - 7 3  D A T E  

N'A : l l v a i  i o n  

. CASINO. TNSTAL NATION 
73-54/So-939 

if BO i FFNG 5~ 3 Y 
i  T E C H N I C A L  1  f . " ' . } T  I N G  C O  
-w ̂-^s^ ex^ri* ia 

' r r c ^ v  
O N O  1 1 '  - 6 

i -\ 
- \j 

I N G  2  1  
\ r 
•  o  

C A S I N G  

>— 
Ll. 

1 
l u  
d  A 

6  

m 
—1 S A M P L E R  D E P T H  O K  

. . .  ,  

D E S C R I P T I O N  O F  S T R A T A  

i S L C . v s / r  • d  
1 1 

rr 
< 
oo 

B L O W S / 6 "  S T R I A T A  

0  ' - 0 "  

t—i r i i i 
s l 

10 

3 3 
;7 i 8 1 

5 0 ! V 

5 S  ' 1 0  
75 
; S / o "  1 2  ' X I  —  I I ' - 6 "  

'• 13 <2 i NOT RECORDED [I 
v« : / 

Hotter, of Installed Casing 
Light 3rowr. 7-M SAND, Trace 

r 13 1 - 6" GRAVEL, Trace SILT 

i | 

Sampling Operation 
Terminated At 13'-6" 

uccac: 
Vvttnm me K'acison Ccv/r.snap 
Sewerage Authority Zaserer.r, 
approximately three feec 
north east of the manhole at 
the intersection of Rur.ycn-
Cheesecuake Rd. and Old Wate: 
Works Read. 

L 
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3 BONING NO. 

4 - 4 - 7 3  D A T L  
NA CLCVAIION 

CASiN'o 1 
7 3-5 4/So-9 3 9 

BORINCS~UY \<ZAS1- ' ,G I:; GROUND 10' -

P I t jJjN<^CO^J 0 "  

SOIL SAMPLING 2 ' - 0" 
jCASING INSTALLING 13' 

I 

•-
u. 

UJ _j 
CASING X n. 

>— * •  

BLOWS/r * 

m 
< 

CO Q 

0 

11 1 
21 ' 2 
34 3 
51 4 
63 5 
7 3 6 1 
96 7 i 
ICS 3 
13 3 9 
:c: 10 »- - y 

O 

UJ 

n. 

< 
CO 

SAMPLfR 

BLOWS/G" 

DLL''HI or 

STRATA 
DESCRIPTION OF STRATA 

O ' - O "  

11 IV 
i  1 2  ; - NOT RECORDED 

_ i o ; _ - o M _ _  

12.:-a.".. 

i i 

•r 

! I 

J • 

"1 

Boston cf Installed Casing 
Brown F-M SAND/ Trace GRAV. 
Trace SILT 

Sampling Operation 
Terr.inated At 12'-0" 
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Location 
Wiahin che Maciscn Township 
Sewerage nUcr.oris...s..^, 
approximately 2500 feet 
north east of the inter
section of Jernees Mill Road 
and Old v.'ater Works Road. 



•* LSv-.'.N'G :N0. 

• i  -  6 -  7  3  D A T  E  

:;A ELEVATION 

3-i/So-V JO 
-*••• GEO LEND r j  B O R I N G S  B  Y  

L '  T E C H N I C A L  T E S T I N G  C O  C A S I N G  I N S T A T E ' - '  
S0IL SA;.;?l;Jg . 0 ' - 3" 

2  * - G  • '  

C ' v S !  \ v j  

blows/:' 

o 

SAMPLER 
BLOWS/5' 

DEPTH Or 
STRATA 

DLSCRIP i ,Oi\' or STRA7> 

I 7 I ! 
23 • 2 | 

I 47 3 ! I 81 i -t i 
96 _—r—1 3 ! 1 

135 1 6 i ! 
7  H  ' I  

I 

8 ;/ NOT RECORDED 
_  6  *  - 0 '  

i 

— S_'_- 0 " 

I r 

.Bottom of ir.stali_ec_Cas_i. 
Brown M-C SAND, Trace d?. 
Trace SILT 

Sampling Operation 
Terminated" At 8'-0" 

.VEL, 

location 
vVitnrn tne Madison Tcvnshic 
Sewerage Authority Easement 
adjacent to the Food Addi
tives Plant property. 

I 

! . 
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AD?ix ENGINEERING, :>:C. 
P.O. Box 112, North Branch, N.J. 

SUBSURFACE EXPLORATIONS 

oject: City of Perth Amboy 
Pricketts Brook Watershed-Observation Neils 

Boring No: Neil A Casing Hammer 
Date: 11/7/74 Wt. 300? Fall 24" 
Comments: Installed 3" I.D. 

' PVC Sched. 40 Plastic Sander Ha.T~.er 
Pioe to 50.0' Wt. I'rO? Fail 30" 

Casing I.D. 4" 
Sander O.D. 2"" 

Classification of Xaterials 

- me And 3 5- 5 0 % 
X - Medium Some 20-35% 
C - Course Little 1C-201 

Trace 0-10% 

Strata Changes (ft.) Description 

C.3-0.5 
0.3-3.0 
3 . C - 9 . 0 

9.0-15.0 
15.0-25.0 
25.0-29.0  

laminations 
29. C-34.0 Grey ciayey-siit-partir.gs F sand 
34.0-40.0 Grey C-X-F sand; Tr. silt 
40.0-50.0 Grey (streaks of Yell) C-X-F sand 

Little silt; Tr. clay; Tr.lignite 
50.0' Bottom of 3orir.g 

Dark grey X-F sand; Tr. S 1. It , Tr. roots 
Lt. grey X-F sand; Tr. 5 1. it ; Tr. Veg. 
Xoctied yellow, Rec-Srn C-v_ i sand; some 
C-X-F Quartzite gravel; . silt 
Yell-Brn. C-X-F sar.c; T S lit 
Yell-Brn. C-X-F sar.c; Tr . si 
Lite grey(streaks of Yel 1) s • r* rl •H 

Little clay; Tr. F sand S cl ay occurs in 
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* • —1 — n - \ ^ AZTZX Z::G 
P.O. Box 112, North 

..IV, 

'ar.ch X'. J 

S U 3 S 0P?AC Z IX? LC PATIC X S 

roject: City of Perth Ar.boy 
Pncketts Brook Watershed-Observation Wells 

Boring No: Well 3 Casing Kanner 
Date: 11/11/74 Wt. 300a1 Fall 24" 
Con.-r.ents: Installed 3" I.D. 

Perf'd PVC Schedi 40 Sar.oler Hamer 
PaaSwic ?ape to 47.5' Wt."140? Fall 30" 

Casing I.D. 2 1/2" 
•Sanpler O.D. 2" 

Classification of Materials 

T " Fine And 35-50% 
A - Median So.T.e 2 0-3 5% 
C - Course Little 10-2 

Trace 0-10% 

Strata Changes (ft) Description 

:. 0-0.5 
;.5-5.0 
j.0-10.0 

-0.0-13.0 
-3.0-25.0 

0%-

Dk. grey X-F sand;.Tr.silt; 
Dk. yell-Brn. X-F sand; Tr. 

Tr. Veg. 
silt 

Grey C-X-F sand; Tr. silt 
••••encountered grd-. water 3 5' 
Grey C-X-F sar.c; Tr. silt; T r. lignite 
Grey C-X-F sand; Tr. silt; X ote:Zxtre.t.ely fast 
running sand 5 17.0'-20.0' p rohibit proper 
cleaning cut casing-jarred " wash" sanpie 
Grey C-X-F sar.c; Tr. siit; 1 ayers (Approx. 5-5 
grey-3rn silt and clay 
Lite grey C-X-F sand; Tr. si 1 ̂  *1 •* ~ A • * > * • • «6 j 
partings grey clay 

5.0—35.0 

3 .  4 0 . 0  

0.0-52.0 Lite grey C-X-F sand; Tr. silt 
2.0 Botton of boring 
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I 

I 

1 

^ -  —  £  —  • ' »  O  i  *  — Z* 3 — . . o y  C • 
P.O. zox 112, North Branch, N.J. 

SU3SUP"ACE ZX? 1CPATICXS 

Project: City of Perth Ainboy 
Pricketts Brook Watershed-Observation Wells 

Boring No: D Casing Karj-.e-
Bate: 11/22/71+ Wt. ^0* -v.-
Cor-.ents: Installed 3" I.D. " * 

PVC Sched. i+0 Plastic Sar.ple- ^a.— e-
Pipe to 49.0 » Ivt/ilOiT Fall 30" 

Casing I.D. i+" 
Sampler O.D. 2" 

Classiricatior. of Materials 

? ~ And 35-50% 
" ~ Sc.-e 20-35% 
C - Course Little 10-20% 

Trace u-10% 
S >rata Char.zes (ft.) Tescriotior. 

O.O-iO.O No sa-T.oles ' taken 
10.0-20.0 or a: 

-race gravel 
20.0-31.0 v 
31.0-35.0 
3 o.0--G . 0 

e 0 y® —i. u-N-r sar.c; Little clayer-s"~~ 
P gravel 

ell, grey 5 orange C-M-P sar.c; tr. silt 
Grey S Grar.ge-Brr. >:-? sa.-.c; Birrie cBayey-siB: 

...... urey Bar-Be cBayey-si.Br; 7r. Bier'-; 
'3—"-0 -?rled y--«» 5 «*•/ y-T -l~le cllyiy. 
L 5  -7 n trace lignite; trace mica flakes 
s5'« ?rey 2 yellow C-M-P sand; Trace silt 

-otton of Boring 
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.-.̂ TZX C.XGIXZZBIXG , i xc .  
P.O. Box 112, Xorth Branch, X.J. 

si'BsU?.ZACZ ZXPLORATICXS 
Project: City of Perth Amboy 

Pricxetts Broox Watershed-Observation Wells 

Boring Xo: Z Casing Hamme-
Date: 1^/2-/71 V.-. 330? Pail 2<t" 
Comments: Installed 3" I.D. 

PVC Sched. UO Plastic Samoler Ha.Tj-=~ 
Pipe to 40* Wt."ITC? Plli 30" 

Casing I.D. 1" 
Sampler O.D. 2" 

Classification of .Materials 

?- Fine ̂ And 3 5-50% 
~ Xscium Some 20-2 5% 

C - Course Little 10-20% 
Trace 0-10% 

Strata Changes (Pt.) Pes cription 

0.0-10.0 Xo samples taxe.n 
— o.w-20.0 Grange S yei_cw C-X-P sand; little C-v-

Quartzite gravel; trace silt 
20.0-30.0 Grey 3 Yellow X-P sand; little clayey-si. 
-  .  -  ~ £• • •  .  Sc. . .w,  . .  .  S . i t  
it c L~'n i-ayer lite grey silt ar.c clay; Tr. P sane 
un'nT Pesume grey, yell, orange X-P sand; Tr.s: 

Bottom of boring 
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ADTZX ZNGIXZZPING, INC. 
P.O. 3ox 112, North Branch, N.J. 

SUBSUPFACZ ZXPLOPATICNS 
Project: City of Perth Air.boy 

Pricke tts 3rook Wa tershed-Observation Wells 

Boring No: F Casing Hammer 
Date: 11/14/74 Wt. SCO? Fall 24" 
Comments: Installed 3 " I.D. 

PVC Sched. 40 Plastic Santler Hammer 
Pipe to 58. 0 ' Wt. 140? Fall 30" Pipe to 58. 

Casing I.D. 4" 
Sampler O.D. 2" 

Class if ication of Materials 

? - Fine And 3 5-50% 
X - Medium Some 20-35% 
C - Course Little 10-20% 

Trace ~ * -» 0, W M U 3 

:a Chanses (ft. ) Descriotio i . 

0.0-3.C 1" cracked stcr.e, cinders, sar.d (fill) 
3.0-10.3 Yellcw-Brn X-F sand; trace silt 
10. 0-15. C Yell-(tr orr.age) M-F sar.c; Tr silt; 

Tr F Quartzite gravel 
'15.0-12.0 Yellow C-X-F sar.c; Tr silt 
12.0-22.0 Xottlec orgn, yell, red M-? sar.d; tr silt 
2 9.0 —10. 3 Orar.ge-Brn C-M-? sar.c; Tr silt 
40.0-42.0 lite yellow (tr. red) C-X-F sar.d; tr. silt 
4C 0-53.0 Grey X-F sand; Little Clayey-silt Tr. lignite, 
i 0-51. C Grey 5 yell X-? sar.d; Trace clayey-silt 
61.0 bottom of Boring 
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ALT IK ENGINEERING > IXC. 
P.O. Box 112, North Branch, X.J. 

SUBSURFACE EXPLORATIONS 

'oject: City of Perth Amboy 
Pricketts 3rook Watershed-Observation 'veils 

/ 

Borir.g: G Casir.e Hamer 
Date: Ii/15/7J 3C2? Wt. Fail 24" 
Corjr.er.ts: Installed 3" I.D. 

PVC Schea. JO plastic Sarr.oier Ha.~jr.er 
oipe to 40.0' 

Wt. 140* Fall 20" 
Casing I.D. J" 
Sa.-r.pier O.D. 2" 

Classification of Materials 

r - Fine Anc 35-52% 
X - Xediun Serve 2 2- 3 5% 
C - Course little lC-20% 

«.race 0——2% 

Strata Changes (ft.) Description 

0.0-10.C Miscell. fill (sand, Cone., Trees) 
Xo sanpies taken 0-10' 

10.0-20. C Grey X-F sand; Trace silt 
20.0-41.5 Orange S yellcv; C-X-F Sar.c; Trace silt 
41.5-42.2 Yellcv; 3 red clayey-silt; Tr F sar.c 
H 2 . Q  Botto.t. of borir.g 
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AD?z:< INGINZIPING, INC. 
P.O. Box 112, North Branch, N.J. 

SUSSUP PACI EX?LCRATICNS 
Project: City of Perth Amboy 

Pricketts Brook Watershed-Observation Wells 

Bering: H Casing "Hammer 
Dc.ce: ll/iS/71 3C0? fall 21" 
Comments : Installed 3" I.D. 

PVC Sched. 10 plastic Sampler Hammer 
pipe to 3o.0' lie"? Wt. rail 30" 

Casing I.D. 1" 
Sampler O.D. 2" 

Classification of Materials 

- Pine And 3 5-5 0% 
H - Neciun Some 20-35% 
C - Course little 10-20% 

Trace C-10% 

S^ta.a C.'.ar.ges (ft.) Description 

-.'o samples taken 0-10' 
^2.0-20.0 Grey S Yellow C-X-F sand; tr silt 

Yei.ow C-X-P sand; Tr silt; Tr F Quartzite 
gravel 

28-0"53'0 Yellow C-X-F sar.d; Tr silt; Trace Clay (sma^ 
"pockets"); trace wood 

"•2 bottom of boring 
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PERTH AH50Y SECT-OX .vElLS 

Xo. 3 Exis t ing-  s ize  6", depth  58', s .s .screen 15' 

LOg: 0-10 Yellow to light sand Installed 19 34 
10-23 Yellow to light gray sand Replaced 1953 
23-29 clay _rstalled subr.ersidle 
29-30 Hard pan sewer - 3/73 
30- 58'IC" Coarse gray water sand State order shut-ccwr.s 

2/72, 6/73 

Xo 5 Existing- size 6", depth Si', s.s.screen 15' 

Log: 0-10 Yellow to light sand Installed 7/16/40 
10-23 Yellow to light gray sand Replaced 4/26/63 
23 — 2S clay Shut-downs- 2/72, 6/73 
2S-30 Hard pane 
30- 33' 10" coarse gray water sand era-y 

1 S3V-

i No. 5 Existing- size 6", depth 37', s.s.sceeen 10 

LOg? 0-10 light yellow sand Installed 1912 
10-23 light gray sand Replaced- 7/40,6/48,11/53 
2 3-30 clay with sr.all portion gravel Shut-dcwns-2/72, 6/7 3 
30- 57' 10" gray water sand 

57' 10" - clay 

No. 10 Existing- size 8", depth 61', s.s.screen 15' 

'Log: 0 -10 Brown sand and gravel -zstaeaed 1911 
10- 10-42 Lt. Brn. sand streaks white clay Replaced 7/26,19 57 ,196 3 

42-47 white - yellow clay Shut-cowr.s-2/72,6/73 
47-65 Fine to coarse It. brown sand 
65-71 White sandy clay 

No. 11 Existing- size 6", depth 52', s.s.screen 15' 

Log: 0-13 Dirty yellow sand Installed 1911 
13-15 Gray ,sand Replaced 19 52 , 1953 
15-19 gray clay Snut-ccwns 2/72, 5/73 
19-27 Brewn sar.d - gravel Hater Sample 1/1/5 3 
27-40 gray sand 
40-41 gray clay 
41-46 Brown sand 
4o- 51' 8" gray clay 
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Tot.Sol. 15 6 
CC3Harc. 5 . 5 
..o..-wu 3 3 2 . 5 
Tot.Hard. 3 3. j 
oc. r.c. C . 2 5 . 0 
Chloride' 5 . 0 
Alk. >:. 0 . w • 5 
Free Carb .AcidCCOo) 69. 5 
7e 7 



tr "V 

PERTH AX30Y SUCTION NELLS 

No. 13 Exis t ing-  s ize  5", depth  50'?, s .s .screen 8"xl0' 

LOg: 0-6 Topsoil £ sand 
6-9 Gravel 6 sand 
9-11 sand 
11-18 sand, clay 6 gravel 
18-21 sand, wood S clay 
21-26 sand 
26-28 sand S clay balls 
28-35 sand pyrite 5 clay 
35-40 coarse sand 
40-50 coarse sand 5 clay balls 
50-54 Brn. sand S clay balls 
54-58 rr.uddy sand 5 clay 

Installed 1S11 
Replaced- 1/2/51, 5/27/57 
Shut-down 2/72, 5/73 

No. - Existing- size 10", depth 33'+ Installed prior to 1934 
screen L=21' Replaced- 1934, 1940 

NO LOG 12/1/70- Filled with iron 
£ fibrous white jeily.Sounded 
to 38'-6" £ shut down. 
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PERTH AM30Y SUCTION WELLS 

Xo. _3 Existing- size 6", depth 5 8', s.s.screen 15' 

LOg 0-10 Yellow to light sard 
10-23 Yellow to light gray sand 
23-29 clay 
29-30 Hard pan 
30- 58'IC" Coarse gray water sand 

Installed 1934 
Replaced 1953 
installed submersible 
pump to sewer - 3/73 
State order shut-downs 
2/72, 6/73 

No 5 Existing- size 6", depth 54', s.s.screen 15' 

Log: • 0-10 Yellow to light sand Installed 7/16/40 
10-23 Yellow to light gray sand Replaced 4/26/63 
23-2S clay Shut-ccwns- 2/72, 6/73 
29-30 Hard pane. 
30- 53 ' 10" coarse gray water sand e~a-y 

S3'*"-

No. S Existing- size 6", depth 37', s.s.sceeen 10' 

LOg:1 0-10 light yellow sand Installed 1912 
10-23 light gray sand Replaced- 7/40,6/48,11/52 
23-30 clay with small portion gravel Shut-dcwns-2/72, 6/7 3 
30- 57' 10" gray water sand 

57' 10" - clay 

No. 10 Existing- size 8", depth 61', s.s.screen 15' 

Log: 0 -10 3rown sand and gravel Installed 1911 
— - - 10-42 Lt. 3m. sand streaks white cl< = y Replaced 7/26 ,1957 ,1963 

42-47 white - yellow clay Shut-downs-2/72,6/73 
47-65 Fine to coarse It. brown sand 
63-71 White sandy clay 

•
 

o 11 Existing- size 6", depth 52'. s.s.sc reen 15' 

Log: 0-13 D irty yellow sand Installed 1911 
13-15 Gray sand Replaced 1252, 1953 

- • 15-19 gray clay Shut-ccwns 2/72, 6/73 
15-27 Brcwn sand - gravel Water Sample 1/1/53 
27-40 gray sand "o -  Qn1 -  c  -. u » . .  x  5  o  o o m  4 3 —*rl gray clay CO 2Hard. 5 . 5  
41-45 Brown sand Non-CO 3  3 2.5 
46- 51 '  8 "  gray clay Tot.Hard. 33.0 

2 5.0 
A.68 Chloride- 5.0 

Alk.X.0. 5.5 
Free Carb.AcidCCC^) 6 5 . 5  



SOURCE: WEHRAN 1983 
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TEST BORING LOG 
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ELEVATION 
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T^r> SAwaZ+ffl.^ £ 

- ®rt».dr. <\e. 

+  ra . t t , *  iUV 

\ A-S -Q - TVi 

occoat ' i f tAe^  b\ f lLC.k  ,  a  r f tv^  
4€U©vo, a.i\cL 

d. '< E. V* sTCk»n'».^l 

A-70 

* c. L •* > 

7M 
l^r ? i 
r.* i 

REMARKS 



W&RAN ENGt€ERNG 
\A_S^ coNBuwor — 

TEST BORING LOG 

BORING NO.c%S^ 
PPQJECT :g_Pg> 
CLIENT ' C.PS. g airuirflL-

SHEET WO. I or \ 
JOS *a.*Sjir-££̂  

SOPINg CONTPACTOW: icgMfitigK. Pft<V-L-l lOft 
6WOUND WATER SAMP COM Hlfii 

ELEVATION AS". u* 
PATE STAPTED a.Uolfr'V 

OATE I TIME I WATER EL. SCREEN TYPE 
PI A. 

LUG. OATE FINISHED 3 >*3s 
DRILLER N\. KL^IVIJ 

WT. iftLiot INSPECTOR Kv-QT2^.<.H 
PALL 

lu 

WELL 
CONSTRUCTOR •a 

e9a tJ 

<u 

'ti. -to 

S A M P L E  

rwc •cov* i 
• INCH 

C  L A S S I P l  C A T I O N  REMARKS 

UaeiJU LAito-V GA.iLJL.VeO 

. L\ U,*0 l AT SLM £ LJ f- C. 

TT LO(S-1 • 
PoA e©Al»0^  

v«e-* ^.o«* oer*vu«-o 
Goiv. CLAA&i iOUS. 

end of* 

&r.g' 
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I 

1 

I 

WWAN &G*ESMG 
COOUUNO 

TEST BORING LOG 

BORING NO.Cffg-£& 

PROJECT : tlxgu! SHEET NO I or -
CLIENT i CPS IngM i r jl.1 
•ORINC CONTRACTOR' lOSTMCCAtj^ CC\i_l_ilo& 
SROUNO WATER * ^ 

JOB wo. oa^Crjri ~7 

CAS. SAM* 
<< 

DIA,  

JKfit TUBE 
ELEVATION ->, 
DATE STARTED Ir m l 
PATE FINISHED ^ is. 
DRILLER N.ftofc.1 

(. . 

L 

WT. INSPECTOR ». 
PALL 

WELL 
CONSTRUCTDN 

7T" 

0 
0 
of 

2 c r 
2 
Us 
a? 

1 
*-
2 
111 
1 w 
V 

o 

4* 

Ha 

Sii 

«r» 

SH> 

&I 

S-R 

lift 

£i& 

kS. 

S-tf 

S A M P L E  

TTPC 

ss 

ss 

ss 

HkOVflgCR 
• IHCMO 

-~-g 
' J * "  

C  L A S S I P I  C A T I O N  

i-r-tq 
° i -n  
tfo-ur 
i ° f  -as  

ili£ 
IS ' l ^  
lu -e  

IH- f fc  

AourU. )oregjK.av\ 
ii W* C to>- w ( T-rcvC.6. 

*»• - «"»i S< r«jo«A 

iAr-V. «»V\ lc^«.CW 9-»v\ •<-
a^ is io ,  L i * r>a S; \^*CA®-M 

•Lac* 9—•*, SlAMr^,-^r*SLC«.v SiVT'j 
bnouJi^i S."V«u»V»«s^ <tV *i.%> • 

- ̂ feidin^ •*© Vt^vv* >otoo»n 

A-ou*. S\»-TvCJW*N. \<VHi 

«e 

SS 

st 

s« 

AS 

26 

ti 

5-9 

*< 

SS 

S— |V«, SAWo, ia . i t -  [  y*n• SW V-an 
I I 'M II  SW 
i fs . jc .  |  o-<v> SRMQ, r,+«v\e. S'.vt 
Cfl.ito H - ckr-o-dJ Vo c. 
- ~ - '  <• 

g*-&T 

£iz52. 
n - i '  
im-ST 

lirJL 
I oolfc 

U316OA 

3lZ12L 
iB-aa 

Mris. 

Tm-r-a 

JibA. 
sjVxr\\ feVi ^ra-H &e>t»g CIAH 

9-** SPiwo,-LrcLccA ^ 

£- **\ S Pr»J *S, " S« IT1 

— cc*-eV > o \e r*i«Alo<y> L* OUJ»^ 

A-O-irv <4© p̂4\̂  9—f* S *JC, 
V.rtta ^iH^cvo.^ 
eop«H SA^ioo(TTaca* 
« w 

dnirV v^Vac^ ^' 
£AN©, \.T-r\a- *; \+ 

U^W* ® _rVv 

5.*H-

- +"» Ser*A" Sin'R" 
Mo.y ' 

s; v«*. 

V^h-P a*r«H £M-M©,l«^C* ^IT v,v 
B s . v »  A - 7 3  
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i. 

L 

WELL 
CONSTmiCTON 

d 

U 
\r 

2 
0 h 2 
w 

5 
» 
iy 

«• 

SC6 

Si3< 

s-n 

5-6 
S-* 
*-e 
£aA 

>^25 55 

•LOVtND 
• imbncF 

li-ai 

s>>-^  

gn- t& 

avaa 

2kaflfl<2 

uoa wo.pgAuccn 

C  L A t a i  P I C  A T I O N  

4-<xrs rr\ -^ - C SA-WO, 

Si H 

••Vo.r^ S.\UX->-CV_A,M <~0 
gL,ui T jy„. 

s ; \ *  
SP»K>n, -v*«r< 

r»v_-? SA-KJfc ,\»f+4€. 

^'» H * C\«*.^ 

•* e^rt^ rn ^fVfoOt 

S'.W-

hlziL 

^ +-o "V-A* 

orAj^^e 5."Va.'t*N \ ,-^ 

— cr«cuivk, *-«a , O. AJl HCI*0<JJ 

SSa.',a« 

£ W Q  O ^  f c o A ^ A J S ,  
16.11 
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WBHRAN ENGNZRNS 
COBUUKI BOOS 

[PWOJECT » ^PS. CHFMI ~ 
CLIENT • r C*_ 
BOW IN 6 CONTWACTOW-

IgWOUND WATEW 
)ATE I TIM 

WELL 
CONTmuCTDN 
" 

f rJ* 
k»"  

liv 
I r 

|§*J  
5 :«  

l<*«» 
IQJ • V) 

f 

I 

& 

J 
I 

1 
a <2 
Ui 
•-
3 
C 
c 
A 

3 
« 

£ 
2 
V u 

r^L' 

'  i t  
a* ip 
22 % * 

is 
I* •o. 

S A M P L E  

•LOW i 
• WON 

SAMP 

DIA. ^ ' 

WT. IMolbs. 
FALL 

TEST BORING LOG 

boring wo.^.^ 
SHEET NO J 2L 

C L A S S I F I C A T I O N  

WSLL UJIA-3. OA. I L_L.L*^0 
i Kneoi *vneoi i^ouA-cexrr 

&eAio& uoe-2 .  

RUST^SC? L_o <£ t toA 

uo s~| p-o R. 

fc lsVft.\L»€^ ^©IL. CI.A*S-
N F^C.ICTt©Rsi£ . 

J.~*. o' 
£>J© OP (tOAiMS, 

A-7  5  

a £-> 
ELEVATION 
OATE STAWTED ;|-
D A T E  F I N I S H E D  r .  i t L i  

M K.LI ,~IQ 
IN3PECT0W v v 
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k 
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i[ 

ip 

t 
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t 
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i 
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k 
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W&RAN BJGfSERNG 
coeoiKS 

IPROUECT = ~ 
[CLIENT • /» 
I BOW INC CONTRACTOR I' 
I CWOUND WATl 
[PATE I Tiyg* mm II 

WELL 
coNrmucnoN 

M + / 

LP 
fcjf 
Ml i 

kV)V 

i t j  
k jc 

loi • 

U a 

o > 
a 

T 
* 
0 
<4 

g 

1 
ul 

2 
& 
X 
W 
u 

X 

JSSUi TTP6 

M 

• u2 

2* 5 51 , 2 » - j 
152 ^ 

•ft 

&-• 

5uai 

k£ 

fcfc 

So 

kl 

k±. 
£r;C 

£-1! 

5-a 

S A M  A L E  

-£A£. 
MUO 

rrw 

ifi 

& 

£2 

£& 

S5 

>•« 

•tow* • IKN 

[lA, 
WT. 

FALL 

C  L A S S I F I  C A T I O N  

SAMP I CORE I Tŷ E 

TEST BORING LOG 
BORING NO. 
SHEET MO. I OP i 
» HO. 0L3.L3.Ll1 

ELEVATIOM f l -1 .  n  

O- IC 
iU-CL 

A<r-J9 

Alzl 
"1-1 

'Va i  &-<*o 
^-g i  

Q — li 
uT'oe-
i t . ; i  
ja -n  

•VI9 
" -aw 
wQ^'J 

LTsli 

H-ao 

i>sr 

\i^yw to^ovu^ Ve V«.v\ ^-fv, 5A-ktt, 

h«-Uowj'«aVi r*\-<$ £A>mq, 
Tt-A.cc *-Ct*.v4 

UejJrrt ^cc^ 0 £A-*jo, UrV»«. 
S • VT ,  "VfAcc CVc^ 

4" H*VV©uj,CY% i^nifto. o.t 

to ^cocv-u*V> 

T*<.vn Ho <^rc^ r*\wf SAMO, 
Trr^c<. £ I ̂H-

- ̂  r-o.dk Vo 

V«^rv* ^ce*< $ SA-NC, I)trie." 

SI K , Tto.cc. CV ox(. 

6k>& 
-A£cl 
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W&RAN ^K^BRMG 
COMUUNiKNK 

FROUCCT < ^_p«. !lF*gKte.fc^ 

BOW INC CONTRACTOR' KITKirQ iC.^. CRiLLi )Q& 
BROUMO WATER —Y I ££L 

DIA.  
WT. 

3AMF 

_i_L 

SSBL 

FALL 

C  L A t t l F l  C  A T I O N  

mat 

0 £hK)C>, »,VHC 
S« v* v C.X 

">r^/i 1140 ^-ed^o^ arcn^V* 
V «4) f  

w - • $  C A ' t ^ ,  \  

W^VxA SAWfi,-Vt^4 
Si \A ^GAAA^ 

-A-Co*  ^bVacV.  * .V«u. \ ,  

2- - rv> s Ar NJ O | A-reu_A. 
Si 

" ̂ ro.A'i.-x^ A® <•, 

•Volyn C-»V* SA-IOO, 

Si \ A- CA 

v»^*a> o(«4 -c-m s^no, a-tac^" 
S i  VA-  « .CVc l^  

V<,Vv* 6t«H "?-*vi £t4tOQ, \«AA\^ 

\S»^ \ACC.  \© \AC\A.  «Vo.»* '«n^  

SMO dw &OAI Are* 
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TEST BORING LOG 

BORING NO. ujg-M 
SHEET NO | or i 

c+\i0Z£ n 
ELEVATION /q 
DATE aTAWTEP~ 
OATI FINISHED r. iAM l»r 
DRILLER U Q^m 

INSPECTOR 

REMARK! 
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l 
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c 
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WB-RAN B^GfOMG 
COMUUNS 

TEST BORING LOG 
BORING NO. e-

c 

w 

0 
ST 

5 
a? 

1 

0 
1 
0 to 

£l!l 

i-c ss 

**A£V. c-m-« SPrwO, \ rt-r\c rr-A- C 
S\\* * (.1*^ 

M<AVOuj\S^ •V-ft.i-v r* 

S«.Ael i 
+1,ft4Ck gil^^Ofcu 
Orta.vM\^. ^-^ £G.f»WveT_ «,0on 4,v 

I  C - m - X  a ^ d ,  ̂ t <  w ^ G a V  

"  Vo ry . -4 -c  4 .A*V®^ 
So r* a* £,OjreL i Yt«*ttS^ 
C.Vo.^ . 

V^H ^  f iUO 
•  SA-WC,  \»*Vt«C,  S»V*  

-1A*. -LSlAL 
AA«-^ CV-(VM, S»»T 

- *>rudl Vo d.«.t-W a, 
Ct*»M vS \ UT 

Ififijw 

. ^«.UOujt£V\ "+<•.*% $-«*>-C. £ ft too, 
\  >w<. '  s ;H» 

f l \  i<«  *  A  •  -  i_ .  _ _ _  

fri-'-n 

j. , ^ ^ ___—__ 
"j|\ W^W* CL^ 
j V™*. ^ 

tV*t 

iloIL3 

2^L 
m-3I  

^«*«jl( £-»n SftkJC, T«tCC W^IT 
SU+ -o-Ooj-
-^fO-dUo^ Vo C-rYN SAUt, 
Tate*  & i  W» 

k  ^ r<*v^, t\ack., a»sdL "Van 
\X  SAMS,  « l>+~ A<Ai  

Sub OA eoSv iw^ 
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w WMAN BJGTCERNG 
C0HUUM5I 

TEST BORING LOG 
BORING NO. 6-i 

i.. 

client « r(i£. --«vi ir a 
•PAINS cowrwACTow. ^x.-cT^ 
8wound wsfat 

SHEET MO I 9> 

CH \ ±2jS. 
CAS. 

DIA.  

SAMP ££BL 2UIt 

JOB MO. 
ELEVATION ^ 
fiAfl_fTAWTED .-isnfr»' 

PWILLWW K. ft.yjC.fo 
WSPECTQW \ WT. 'U^  

FALL A V 

WELL 
eoNrmucnoN 

fc 

* 

U) 
r 

C 
a + 
v 
92 

6 * 
«» 

!/ 

S* 

M 

MO. 

H 

S A M P L E  " I  

ss 

is 

« 

ifi=_LL 

isSL 
ii-H 
i l ia. 
o- i<»  

n -

iLlii. 
•=!» f 

12ZI3l 
UzJSL l y—•*. 

do>rv bcoui*\ r»>-v-c_ 
SPt fOfc  ®»«Nd c - rv \ - *  GJLA-VCL,  

S»« 1-LvCrlo.^ 
tPOOJ»* •» 

S AfSJfc) ( \, S.I<H.CS 
0\o^,V< C-~> ^ «.^eu, &orr« 

V»TV\-C iU-VvOau 
«n«d.v>.v ,  c ro^c  ̂  cve ,Ur , ;  
^A-NO,  \  C\ f t .M 
- ; * v, sva.; ,m „ ̂  

a-m sakio, 
s; w+Cs+.Xf 

eCe. O-r^oA y tHcuj 
ST <-va '  

 ̂* *T. . a. . a a ̂  Cil #1 Ak I 

IT.'; 
lull. 
J3-3  0  
°l - I .T 
2̂ S-

^a^O-A^vSXLn <o S\L-TvC. \ -AM 

^  a  .  *  «  w l  « . *  " " v »  v  o .  « k .  v j  

CV-A-H+Siv-T  ^o  V.CT*CLW 

SS, 

IszH 

JH-Vf 
Hfc-aa 

ffffl/T 

BP-'ttte" 

^-*vk LAM&, 
\."VVV«- Si **-vC\A.s 

Ot.e1 

v,^ y *-h «* < ®-r dL a*ottk. 
C - » v >  w A M C ,  & •  ̂ • C A d i j  

«.;w 
$WMD, 4«^o-c«> 

v'.avv* ,-va.v>, oord b^a^x 

JL. tn ,  A-n jO.  i  i i rW«.  S i  S^Cld j^  

Gn^ &O«L\k>*  
3W 
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WB«W B4Gt&*G 
VMS COWUIKi P«S—BB 

[PWCUCCT TO< CNgmf .HL 
I CLIENT » G.O<, 
I BOW IN fl CONTRACTOR i >. ,r >/ Hwiu-,Q<1 
1BROUN0 WATER" T  
[DATE | TIME warm EL KHEgM I TYPE 

WELL 
coNrraucnoN 

0 
c 1 <6 
w r 

10 

I * J. •b 
V 

•0 

•a 

• a m p l e  

TTH 

S3 

<« 

•LOW PI* 
• tacN 

juih. 

-"- Q 
AU. 

122* 
£=JU 

WT. 
PALL 

SAMP 

IM0>> 

Zo" 

£SBZ TUBE 

test boring log 

boring no. g-r 

•HEET NO. I OP , 
JOE WO.r>s?g.̂ a 
[ELEVATION " "uV 

C  L A S S I P I  C A T I O N  

s©«w t rnewr  
e 

PAok o  .o•  
w-

d.a.f-V. torouL>^ 
S^ fs ) j5 (  \TPf tC®.* "O^cy 

r*.t,UTH SAUfi, 
S;W(- r r tLc«.  C lau '  

f l ^V*  "*  va"  1^-c- f  SAmo 

Sx W+CV-u,  

dzr 

- c^ro.4.' r\^ -V« **>! ora^ 

* 5.- 4»> 

ZLSlii 

n-JV-
MM-QL 

\>*VsV C j^*n  £ - * * .  S.M-P-0 ,  \>4 t£  

CWM 

\ '<^V*  ^  S frN O,  ' -om£ 

g< h | c lev. 14 

€UO OPL 
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Converse Consultants, Inc. BORING NO. B-1 
project 

CUENT M.iHison/CPS TnAtttH.. 
boring contractor warr.„ 

SWT. NO, 1 py 
PROJ.  NO.81-0*7188-06*  

GROUNO water 

date time oeptm casing type 

OIA. 
WT. 

cas. 

_E~L 

140# 

samp. core 
elevation 

tube datum 

SHELBY o a t e s t a r t  03/Q8/(U 
3" OATE FINISH 03/08/«A 

FALL 
140# 

24"  
DRILLER R. Dan le lg f in  

24'** CWOO REP. KJL 

a s u. 
o 

O «t z* 
M O < J y a 

10 

11 

BLOWS 
ON 

IU 

|z I TUBE 
w ' PER 12" 

S-l. 

S-2 

IDENTIFICATION 
2.0' Water 

A. Black Organic Silt, very soft 

B. do 

C. Black Sand v/ layers Organic Silt 

D. Black Peat & Organic Silt 

A. Black Organic Silt 

B. do 

C. do v/ Peat 

REMARKS 

pH"6.5, pond water 
Tube: 0-4.0' 
Rec.-24" 
Push 

D. Gray Sand, occasional gravel 

E. do 

Tan Sand, medium fine 

END OF BORING @7.0' 

A-82 

Tube: 4.0,-7.0' 
Rec.-36" 
Push & hammer 

On calibration, 
pH meter measured 
7.8 Instead of 6.9. 



Converse Consultants, Inc. TEST BORING LOG BORING NO. B-2 

PROJECT Pr inze ' s  pond Samnllnn. Old Bridr.c. New Jersey 
CLIENT M.irf^nn/CPS Industries 

SHT.NO. 1 OF 2. 
F«OJ1«a8I-07188-06 

SOWING coNTWAcroaJarren George ELEVATION 
j GROUNO WATER CAS. SAMP. CORE TUBE OATUM J 
|  OATE TIME OEPTH CASING TYPE SHELBY OATE START03/08/84 J 

OIA. 3" OATE FINISH 03 /08/84 1 
WT. l inn  Oriller R. Danielson I 

FALL 24"  CWOO REP.  KJL 1 

IDENTIFICATION 

7.5' Water 

3-A- Blark OroaMr Slit f, finm Cand JLi 
B. Tan medium to fine Sand 

C. do 

D. Yellow brown medium to fine Sand 

E. do 

F. do 

REMARKS 

pH"5.8, pond water 
Tube: 0-3.5' 
Rec.-36" 

END OF BORING @3.5' 

On calibration, 
pH meter measured 
7.8 instead of 6.9. 



Converse Consultants, Inc. 

PROJECT PRIEST'S Pond Samolim 

TEST BORING LOG 

i. Old Bridge. New Jersey 
BORING NO. B-3 

SHT.NO. 1 OF 1 
UU-HI Madison/CPS Industries 
BORING CONTRACTOR Warren Ceorge PROJ. NO.8 1-07188-06 

ELEVATION 
GROUND WAT ER CAS. SAM P. CORE TUBE DATUM 

DATE TIME DEPTH CASING TYPE SHELBY OATE START 03/12/84 
OIA. 3" DATE FINISH 03/12/84 
WT. 140# DRILLER R. Danielson 

PALL 24'* CWOO REP. KJL 

IDENTIFICATION 
8.0' Water 

[ 1 a .  B l a c k  g r a y  S l l t v  S a n d - 3 " *  

0.25x 

B. Cray Sand, medium fine, uniformly 
graded 

C. do 

END OF BORING @4.0 

A-84 

REMARKS 

Tube: 0-4.0' 
Rec.-44" 
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Converse Consultants, Inc. 

PROJECT 
CLIENT y. 
BORING CONTRACTOR Warren George 
GROUND WATER 

TEST BORING LOG 

Bridge. New Jersey 

OATf  TIME 

, X  I  On _ 

11- If | M 1 Ua I M 

OEPTH 

BLOWS 
ON 

TU8E 
PER 12* 

S-l 

61 

I 7 

8 

9 

10 

11 

CASING TYPE 
OIA. 
WT. 

FALL 

CAS. SAMP. CORE TUBE 
SHELBY 
3" 

140# 

BORING NO.B-4 
SHT. NO. 1 Of] 
PROJ. NO.8 1-07 1 FLFL-FLFT 
ELEVATION 
DATUM 
OATE START 03/12/84 
OATE FINISH 03/12/84 
ORILLERR. Danielson 

11 

21 

21 

IDENTIFICATION 
3.5' Water 

24" cwoo rep, kjl 

REMARKS 

0.5*' 

——Black Organic SILT & Fibers. Weeds-6"*l T.ihe- 0-3.0' 
- „ Rec.-NR, moved 2'* B. Gray Sand, piece Coarse Gravel 
C. 

D. 

E. 

F. 

G. 

do 

Tan Sand, medium to fine 

do 

do 

v/occasional black organic matter 
and clay laminations 

Tube: 0-5.0' 
Rec.-42" 

END OF BORING @ 5.0*1 

A-85 



10 

111 

pH«6.16» pond watt 
Tube: 0-4.0' 
Rec.-47" 

END OF BORING <§ 4.0' 

On calibration, 
pH meter measured 
7.8 Instead of 6.9 

A-86 



fe 

fa 

fa 

fa 

fa 

I 

I 

I 

I 

Converse Consultants, Inc. 

PROJECT'  
CLIENT Madtson/CPS 

TEST BORING LOG 

Bridge. New Jersey 
BORING NO. B-6 

SHT.NO. t QF1 
PROJ. NO.81-07 188-06 SORING CONTRACTOR 

GROUNO WATER 
OAIE TIME OEPTH CASING TYPE 

OIA. 

CAS. SAMP. CORE TUBE 
SHELBY 

ELEVATION 
OATUM 
OATE STARTQ3/12/84 

3^ OATE FINISH 03/12/84 
WT. 

FALL 
not 
~wr 

ORILLER R. Danielson 
CWOQ REP. KJL 

I 

I 

z 
I * t UJ 

8 

10 

11 

O M 
5 * to O ii 
u a I (/> 

S-l 

BLOWS 
ON 

TU8E 
PER 12" 

_12_ 

24 

10/6" 

IDENTIFICATION 
7.0' Water 

REMARKS 

P/6" A. Black Organic Silt, leas than 3"/ JL25*J 

B. Gray brown Sand 

C. do 

D. 2" thick layer Black Organic Silt, 
with orange brown stained sand 

E. Gray Sand, medium to fine 

JL. dfl. 

pH-5.69, pond wate: 
Tube: 0-4.0' 
Rec.-33" 
PP.-1.25TSF, D. 

END OF BORING @ jOn calibration, 
pH meter measured 
7.8 instead of 6.9, 

A-87 



a 

Converse Consultants, Inc. TEST BORING LOG BORING NO. B-7 
PROJECT Prlckerc's Pond Sampling. Old Bridge. New Jersey SHT. NO. 1 OP 
CLIENT Madlson/CPS Industries PROJ. NO.81-071R«-nft 
BORING CONTRACTOR WARRAN ELEVATION 
GROUNO WATER CAS. SAMP. CORE TUBE OATUM 

OATE TIME OEPTH | CASING TYPE SHELBY OATE START 03/15/84 01 A. 3" 
WT. 

TALL 
1400 

.OATE FINISH NS/IYS 

24"i~ 
ORILLERR. Daniel son 
CWOOREP. KJL 

2* .  
o 

O cn 
z i 
M O 
* st {j a 

8 

10 

11 

M 
M 

S-l 

BLOWS 
ON 

TUBE 
PER 12" 

32. 

74 

IDENTIFICATION 
2.0' Water 

A., B., Brown Organic SILT & Sand-6"* 
C. Brown Sandy Gravel-3"* 

0 .  
0. 

D. Gray brown Sand w/occasional orange 
brown sand layer 
do 
do w/infrequenc laminations, V* thick, 
£f Silty Clay 

H. do 

END OF BORING 5 5.6 

A-88 

REMARKS 

pH«6.78, pond wate: 
Tube: 0-5.0' 
Rec.-42" 

On calibration, 
pH meter measured 
8.0 instead of 6.9. 



fa 

fa 

fa 

I 

I 

I 

I 

I 

s 
1 

s 

Converse Consultants, Inc TEST BORING LOG BORING NO.B-8  

PROJECT pr,^„rr's Pond S.inmllnR. Old Rrldee. New Jcrscv SHT. NO. 1 OF I 

CLIENT M.nd Icon/CPS Industries PROJ. NO.81-07 188-06 

SORING CONTRACTOR Warren Ceoree ELEVATION 

GROUNO WATER CAS. SAMP. CORE TUBE OATUM 

OATE TIME OEPTH CASING TYPE SHELBY OATE START 03/15/84 
OIA. • 3"  .OATE FINISH 03/15/84 

' WT. \w ORILLERR. Danielson 
PALL 24"  CWDO REP. KJL 

! 
! 
f 
f 
i 
i 

f 

z 
a-S u. 
o 

10 

11 

O in 
2 5 
in O < si o a 

Ui 

It 
(A 

S-l 

SLOWS 
ON 

TU8E 
PER 12" 

IDENTIFICATION 
3.0' Water 

P/6" 3CL- Black Orcan-tc SILT-3"1 

15. 

Jfl-

REMARKS 

3/6" B. Brown Orange Sandv Gravel-3" 

0.251DH-8.0 frozen 
0-5 T.,h»; 0-5.0 '  

Rec.-48" 

C. tan Sand 

D. do 

E. Gray Sand w occasional laminations 
SILTY CLAY 

F. do 

G. do 

H. do 
END OF BORING @5.0* 
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Converse Consultants, Inc. TEST BORING LOG BORING NO.B-9 

PROJECT prtrfcgtg's pond Sampling. Old Bridge. New Jersey SHT. NO. 1 OP 1 

u 
CLIENT Mndtson/CPS Industries 
SORING CONTRACTOR Warren George 

PROJ, NO.81-07 188-06 
ELEVATION 

| GROUND WATER CAS. SAMP. CORE TUBE OATUM 
1 DATE TIME OEPTH CASING TYPE SHELBY DATE START 03/14/84 

OIA. 3" OATE FINISH 03/14/84 
WT. HO// DRILLER R. Danielson 

FALL 24" CWOO REP. KJL 

! 
i 

z 
<L *~ S U. 

O M 
Z $ w o < -t 
(J a 

tu I </> 

S-l 

SLOWS 
ON 

TUBE 
PER 12" 

IDENTIFICATION 
5.0' Water 

A. Black Organic SILT-6" thick 0.5 

I 

B. Brown Gravelly Sand 

C. Brown/Orange Sand 

D. Brown Gray Sand, occasional laoinatlons 
(V'th.) Silty Clay, some orange stainin 

E. do 

F. do 

G. do 
END OF BORING @5.0' 

REMARKS 

pH"6.88, pond water 
Tube: 0-5.0' 
Rec.-39" 

5 

On calibration, 
pH meter measured 
7.7 instead of 6.9. 

9 

1C 

II 
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Converse Consultants, Inc. TEST BORING LOG BORING NO. B-lo 
PROJECT Prtekeec's Pond Sampling. Old Bridge. New Jersey 
CLIENT Madison/CPS Industries 

SHT. NO. 1 OF1 
PROJ. NO.81-07188-06 

BORING CONTRACTOR Warren George 
| CROUNO WAT ER CAS. SAMP. CORE TUBE DATUM I OATE TIME OEPTH CASING TYPE SHELBY DATE START03/14/84 

OIA. 3" OATE FINISH 03/14/84 
WT. 1400 DRILLER R. Danielson 

FALL CM 
CWDO REP. KJL 

a. »-£ u. a 
O n 
? i 
M O < -i 
u a 

ui u 
M 

s-i 

ON 
TU8E 

PER 12" 

IDENTIFICATION 

2.0' Water 

A. Black Organic SILT-6" 

B. Brown Sandy Gravel-9"* 

12 

19 

C. Gray Sand, 
Silty Clay 
both sides 

D. do 
E. do 
F. do 

G. do 

H. do 
END OF BORING @5.0 

REMARKS 

pH»6.55 pond water 
Tube: 0-5.0' 
Rec.«48" 

On calibration, 
pH meter measured 
7.7 instead of 6.9. 



I 
I 
I s 

Converse Consultants, Inc. __ TEST BORING LOG 
-CUENTC Sampling- Old Rridgg. New 

BORING CONTRACTOR 
GROUND WATER 

DAtE 

a *-uu.  
1 O 

O cn 
5* (A O < -J 
O a 

TIM£ 

Ui u 
in 

2£L 

S- l  

S-2 

8 

11 

OEPTH 

8LOWS 
ON 

TUBE 
PER 12" 

CASING 
CAS. 

TYPE 
DIA. 4" 
WT. 140/y 

FALL 24" 

SAMP. CORE TUBE 

SHELBY 
3" 

BORING NO. B-u 

SHT. NO. i 5rj 
PROJ. NO.81-0718fi-0fi" 
ELEVATION 
OATUM 

12 

_li_ 

-16. 

IDENTIFICATION 
1.2 '  WatPr  

A. Black Organic SILT & SAND 

B. Gray Sand with Organic SILT 
C. do 

D. Brown Sand, coarse to medium, 
Gravel 

E. do 

g| F. do and gravel (3" layer) 

G. Gray Sand, medium to fine 

cwoorep.  k j l  

REMARKS 

IpH«6.61 
Tube: 0-5.0' 
Rec.«42" 

Qt ' l  

with fine 

A. Gray Sand, medium to fine w/occasional Tube: 5 0'-8 o-
B. ^±nations W/Black O^nic Silt | rJc%24" 
C* thickth OCCasional la®inacions V'-IV' 

D. do 

END OF BORING @8.0' 

Note: 2D-Gray 
Silty Clay 

On calibration, 
pH meter measured 
7.6 instead of 6.9, 
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Converse Consultants, Inc. TEST BORING LOG BORING NO.B-13 
PROJECT Pond Sampling. Old Bridee. New Jersey SHT.NO. 1 OP L 
CLIENT MaHisnn/CPS Industries PROJ. NO.81-07 188-06 

ELEVATION 
| GROUND WATER CAS. SAMP. CORE TUBE OATUM 
( DATE TIME DEPTH CASING TYPE SHELBY DATE START03/U/RA 

01 A. 3"  DATE FINISH NI/IA/RA 
. WT. 1400 DRILLER ^ NARRFPLCRM 

FALL 24"  CWDO REP. JCJL 

O m w 
2 J a o «o <st < O® M 

S-l 

BLOWS 
ON 

TUBE 
PER 12" 

IDENTIFICATION 

A. Black Organic SILT, FIBERS-8"±~ 

P/6" 

1SL 

18/6"  

B. Brown Sandy Gravel 

C. do 

D. Orange brown Sand with occasional 
laminations of Silty Clay 

E. do 

F. do 

G. Gray Sand, medium fine 

H. do 

JL1 

END OF BORING @5.0' 

REMARKS 

pH«7.2, pond water 
Tube: 0-5 
Rec.-51" 
Sample D-Silty 

Clay 

Cleaned tube with 
methanol & water. 

On calibration, 
pH meter measured 
7.7 instead of 6.9. 

10 

11 

A-94 



Converse Consultants, Inc. TEST BORING LOG BORING NO.B-14 
PROJECT Pricketr's Pond Sampling. Old Bridge. New Jersey 
CLIENT Madison/CPS Industries 

SHT. NO. 1 OF JL 

BORING CONTRACTOR WARREN CENR«,E 
PROJ. NO.81-07188-06 
ELEVATION 

GROUND WATER 
OATE TIME OEPTH CASING TYPE 

CAS. 
F.J. 

SAMP. CORE TUBE OATUM 
SHELBY DATE STARTQ3/15/84 

OIA. Al. 3" 
WT. 

FALL 

OATE FINISH 03/15/84 
140// 

24" 
DRILLER R. Danielson 

24" CWOO REP. KJL 

& I" 
Su. o 

10 

11 

O <n 

v> O < J 
o 

24. 

20. 

Ill 

li 
M 

S-l 

S-2 

BLOWS 
ON 

TUBE 
PER 12" 

-12-

14 

26 

28 

IDENTIFICATION 
1.0* Water 

A. Black Organic SILT, weeds-9"* 
B. do 0.8*  

C. Brown Gravelly Sand-3"-

D. Gray Sand 

E. do 

F. Gray Sand occasional clay laminations, 
pocket brown sand 

G. do 
H. do 
I. do 

A. Gray Sand occasional laminations of 
Silty Clay V' thick, brown sand 
staining top & bottom 

B. do 

C. do 

D. do 

E. do 

F. do 
END OF BORING @9.0' 

A-95 

REMARKS 

pH«7.9, pond water 
Tube: 0-5.0' 
Rec.«48" 

Tube: 5.0'-9.0' 
Rec.«27" 

On calibration, 
pH meter measured 
7.8 instead of 6.9. 



Converse Consultants, Inc. TEST BORING LOG BORING NO. B-15 
PROJECT Prlrv*ft'a pond Singling. Old Bridge. New JeTSey SMT. NO. 1 OF 

CLIENT Mndr cnn /CPS Industries PR04. NO.81-07 188-06 
BORING CONTRACTOR Warren Ceorae ELEVATION 
GROUNO WATER CAS. SAMP. CORE TUBE OATUM 

OATF TIME OEPTH CASING TYPE F.J, SHELBY OATE START03/15/84 
01 A. 4" 3" OATE FINISH 03/15/84 
WT. 1400 140# URILLER R. Danielson 

FALL C
M

 

24" CWOO REP. JCJL 

a. »" Su.  
o 

O «l 
Z S 
So 
< si (j a M M 

S-l 

BLOWS 
ON 

TUBE 
PER 12" 

IDENTIFICATION 

1 - 5 '  W a f e r  

A. Black. Organic SILT-9"* 

P/6" 

B. do w/Brown Gravelly Sand 

C. Brown Gravelly Sand 

D. Brown Sand 

E. do 

9/6" 
CONTINUED - SEE LOG B-15A 

REMARKS 

pH"7.3, pond water 
Tube: 0-5.0* 
Rec.-30" 

Probably lost 
3.0'-5.0', therefor 
moved 2' west and 
started sampling 
0 3.0*. 

6 

On calibration, 
pH meter measured 
7.9 instead of 6.5 

9 

11 
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Converse Consultants, Inc. TEST BORING LOG BORING NO. B-15A 

PROJECT ywrVpft's Prmd Sampling. Old Bridge. Sew Jersey SHTNO. 1 OF 1 
CLIENT Ma(j i*nn /CPS Industries PROJ. NO.81-07188-06 

ELEVATION 
CROUNO WATER CAS. SAMP. CORE TUBE OATUM 

DATE TIME OEPTH CASING TYPE F.J. SHELBY OATE START 03/15/84 
OIA. 4" 3," DATE FINISH <»/15/84 
WT. 1400 1400 ORILLERR. Danielson 

FALL 

C
M

 24" CWOO REP. KJL 

Z 
& H ui 

O <A 
Z 5 
M O 
< St g S 

M M 

BLOWS 
ON 

TU86 

PER 12" 

IDENTIFICATION 
1.5* Water 

REMARKS 

10 

11 

S-2 

3.0' 

.10. A. Gray brown Sand 

B. do w/ occasional laminations V' 
17 fjj Silty Clay 

Moved 2' West-set 
casing & washed. 
Tube: 3.0'-7.0' 
Rec.»30" 

2Q_ 

21. 

C. do 

D. do 

E. do 

END OF BORING (§ 7.0' 
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Converse Consultants, Inc. TEST BORING LOG BORING NOB-16 

* PROJECT pr{eketc's Pond Samoline. Old Bridce. New Jersey SHT.NO. 1 OF 1 
CLIENT Mndlson/CPS Industries PROJ. NO.81-07 188-06 
BORING CONTRACTOR Converse Consult pes. [nrnrpo rated ELEVATION 
GROUNO WATER CAS. SAMP. CORE TUBE OATUM 

OAI£ TIME OEPTH CASING TYPE SHELBY DATE STARTOI/Ifi/RA 
1.0 None 01 A. 3" OATE FINISH 03/16/84 

. WT. 400 ORILLER WTM 
FALL 00

 
1}

 

CWOO REP. KJL 

Is 
fa 

fa Is 
fa 

fa 

fa 

fa 

fa 

fa 

\ 
fa 

fa 

a. w "• 
o 

11 

a M 
2 J 

O < d a 

a z < 
«l 

o z 

S-l 

BLOWS 
ON 

TUBE 
PER 12" 

S-2 

IDENTIFICATION 

A. Brown Sandy Gravel 

B. do 

C. Gray Sand mixed with Organic SILT & 
FIBERS 

D. Black Organic SILT <3 24" down (3"* thk. 

E. Brown Gray Gravelly Sand 

A. Black gray Gravelly Sand (Trace Organic 
SILT) 

B. do 

C. Brown Sand, trace Black Organic SILT 
4.5"* 

D. do (w/o Organic SILT) 

END OF BORING @ 5.0 

A-98 

REMARKS 

Tube: 0-3.0* 
Rec.-30" 

Tube: 0-51 

Rec.-48'-
(24"-from above) 



I 
Converse Consultants, Inc. TEST BORING LOG BORING NO. B-17 

PROJECT Pond Sampling. Old Brldee. Nev Jersey SHT. WO. 1 OFF 1 
:UENT Marfan Industries PROJ. NO.8 1-07188-06 
IQRING CONTRACTOR rwm>er«» rnn^n l f .n fn  Tncnrpnra fAH ELEVATION 

SROUNO WATER CAS. 

OATE TIME OEPTH CASING TYPE 

SAMP. CORE TUBE OATUM 
SHELBY DATE START Q3/16/84 

O A T E  F I N I S H  Q 3 / 1 6 / 8 4  01 A. 3" 
WT. 400 

18'^~ 
DRILLER WTM 
CWOO REP. KJL FALL 

8 

O M 
IS S* 
<s i  <  
o «  M  

S-l 

BLOWS 
ON 

TUBE 
PER 12" 

IDENTIFICATION 

*^A. Black Organic SILT & SAND 
0.5* -J] 

B. Brovn Sandy Gravel, vlch occasional 
Black Organic SILT 

C. do 

REMARKS 

D. do 

E. do 

END OF BORING @3.5' 

A-99 

Tube: 0-3.5' 
Rec.-42"± 
(denslfied to 30"*) 
Boring located near 
middle of stream 
bed. 



Converse Consultants, Inc. TEST BORING LOG BORING NO.B-17A 

PROJECT priri,*rr's Fond Rumllng . Old Bridge. New Jersey SHT.NO. 1 OP 1 
PRO J. NO.8 1-07188-06 CLIENT M.^^n/CPS Industries 

BORING CONTRACTOR Convert Consnlcancs 

GROUND WATER 

ELEVATION 
CAS. SAMP. CORE TUBE DATUM 

DATE START 01/16/86 DATE TIME OEPTH CASING TYPE SHELBY 
OIA. 3" PATE FINISH m/16/8& 

WT. 
PALL 

JiM. 
18"*  

DRILLER J£M-
CWOO REP. KJL 

CL *~ Sib  o 

O M 

IA O 
3* 

111 U 

s- i  

BLOWS 
ON 

TUBE 
PER 12" 

IDENTIFICATION 

A. Brown Sandy Gravel, w/ little Organic 
SILT 

B. Black gray Sand + 
1 

C. Brown Sand 
D. do 
E. Tan Gravelly Sand 
F. Tan Sand 

END OF BORING @3.0* 

REMARKS 

Tube: 0-3.0' 
Rec.-33" 

Boring located near 
edge of stream bed. 

5 

6 

7 

8 

9 

10 

11 

A-100 



Converse Consultants, Inc. TEST BORING LOG BORING NO. B_18 

PROJECT ' s Pond Samolinc. Old Bridee. New Jersev SHT. NO. 1 OF ] 
CLIENT M.idi«inn/CPS Industries PROJ. NO.81-07188-06 
BORING CONTRACTOR Warren George ELEVATION 
GROUNO WATER CAS. SAMP. CORE TUBE OATUM 

OATE TIME OEPTH CASING TYPE F.J. SHELBY OATE START 03/16/84 
— 1.0 None OIA. 4" 3" OATE FINISH 03/16/84 

WT. . 140# 140# 'DRILLER R. Danielson 
•FALL 24" 24"* CWOO REP. KJL 

& H 
Ui u. 
a 

8 

10 

11 

a cn 
z i 
«/> O < J 
o a 

19 

35 

UI BLOWS UI 
o z 

ON u. z o z TU8E 
M PER 12" 

S-l 

S-2 

20 

25 

20 

34 

IDENTIFICATION REMARKS 

A. Brown Gray SILTY Sand Boring located on 
delta, done with 

B. do tripod rig on land. 

C. Brown Black Sand 

D. do 

E. Brown Sand, Gravel Tube: 0-5.0* 
Rec.»48" 

F. do 

G. do 

H. do 

20 3 A. Gray Sand 

B. do 

C. do v/day laminations V thick .k 

D. do of Silty Clay, brown staining 

E. do 
END OF BORING @9.0' 

A-101 

Tube: 5.0-9.0* 
Rec.-32" 



Converse Consultants, Inc. TEST BORING LOG BORING NO. B-19 

PROJECT Prirltert. 's Pwnd Sampling. Old Bridge. New Jersey SHTNOJW 1 

*LISNT M.idtfnr/nPS Industries PROJ. NO.81-07188-06 
SORING CONTRACTOR Converse Consultants. ncoroorated ELEVATION 

GROUND WATER CAS. SAMP. CORE TUBE DATUM 

OATE TIME DEPTH CASING TYPE SHELBY 
3" 

DATE STARTQ3/16/84 
OIA. OATE FINISH 03/16/84 
WT. 

FALL 
m 
18 ' * "  

ORILLER WTM 
CWOO REP. KJL 

a v> 
2 S 
(A O < si (j a IS 

M 

S-l 

BLOWS 
ON 

TUBE 
PER 12" 

IDENTIFICATION 

A. Brown Gravelly Sand 

B. do 

C. Gray orange brown Sand w/ laminations 
Black Gray Silty Clay 

D. do 

E. do 

F. do 

END OF BORING <§ 5.0' 

A-102 

REMARKS 

Tube: 0-5.0' 
Rec."46"* (densif ied 
to 36" prior to 
pulling tube) 



I 

I 

i 

Converse Consultants, Inc. TEST BORING LOG BORING NO. B-20 

PROJECT ?ri rVntt's Pond Sampling. Old Bridge. New Jersey SHT. MO. 1 OF 1 
CLIENT Madison/CPS Industries PROJ. MO.81-07188-06 
BORING CONTRACTOR Converse Consultants, Incorporated 
CROUNO WATER 

DATE TIME OEPTH CASING TYPE 
OIA. 
WT. 

FALL 

ELEVATION 
CAS. SAMP. CORE TUBE OATUM 

SHELBY 
3" 

OATE START Q3/16/8A 

4 00 
OATE FINISH 03/16/84 
ORILLER 

18" 
WTM 

CWOO REP. KJL 

& w»-
o 

k 
I 

I 

I 

II 

O M 

v* O 
O a 

w u V) 

S-l 

BLOWS 
ON 

TU8E 
PER 12" 

IDENTIFICATION 

A. Brown Sand, v/ leaves 

B. do 
1.7' 

C. Black PEAT 
D. do 
_£j ds 2.5' 

F. Brown Black Silty Sand, (silt probably 
organic) 

END OF BORING @4.0' 

A-10 3 

REMARKS 

Tube: 0-4.0' 
Rec.-38" 

OA MTtAAACTATICN OF SOIL AOCK ANO OAOUNOWATCA CONDITIONS Sit TEIT OF CONVCASf CONSULTANTS A6AOAT. OF WHICH THIS LOO IS A FAAT 



SOURCE: WEHRAN 1986 

A-104 





\VVs7 WEHRAN ENGNEERNG 
VA-S* CONSunNG ENG*«PS 

TEST BORING LOG 
BORING NO. 

PROJEC 
CLIENT ,vy *,«y /.v.* y<• 

VrLvy - /. v 
£--r 

SHEET NO. J* OF 
JOB NO. 

WELL 
CONSTRUCTION !St 

io^  

• ) 

O 

•0 

u 
*r. 

y 

S A M P L E  

23 

25 

27 

•23 

29 

JO 

3/ 

32 

33 

ZH 

35 

3(0 

37 

33 

31 

TYPE 

ss 

ss 

BLOWS PC* 
• INCHES 

•? c -.A 

/P» /TP 
-92 9? 

?* 
3o yy 
w ±o 
zr 
V2_V7 
•22 z* 

C L A S S I F I C A T I O N  

. rn 

'.3 i7 
PRS 55 

ss 

ss 

ss 

ss 

SS 

ss 

SS 

55 

SS 

SS 

PRC £6 

/V ZI 

U Vt 
/9 29 
35- T2 
/2 2P 
3S V* 
/3 2/ 
2A W 

Z2JV1 
52 9» 

2V JV 
52 *6  

72 7Y 
ioo/3 

21 77 
ti 7* 

yf '3V. 

3/ '«%• 

^ ^ V ^ S 1 L.T" • ctar k Qrtf ̂  (c rcii 
pv rW 

io 

-;a .3 

1: 

i -

do 

d o  

S ILT- a / r .• • t f ^ ' 
o i * *• i • : 

S 1 LT.  dorU Qie j  ' " . r j r  : - *B ^  4r 

S AM D • :3r« 5tr 

>- ~ 4 — h t 

fas  

t lue-^ r  

CL.Ay 
Jr .  i i  

/ »r? fJ * 

Of BO&JNfr Hi.fi 
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REMARKS 



w WEHRAN ENGftEERMG 
tNcxfss 

PROJECT 1 1 .^.y v.%g-?y -

TEST BORING LOG 
BORING NO. 

W E L L  
CONSTRUCTION 

£*• TYPE BLOWS PER 
• INCHES 

/ Z  7  

C L A S S I F I C A T I O N  REMARKS 

10 

19 

^ 20 

29 

30 

39 

40 

49 A-107 





WVg7 WEHRAN ENGNEERNG 
\I\ED CONSUING ENCXfPS 

TEST BORING LOG 

BORING NO. j r . - " - . .  
PROJECT . JV'./.T-y A.Vf'V 
CLIENT ; — ,*/.•>*/* *.</ 

SHEET NO. ~ OF J* 

W E L L  
CONSTRUCTION 

l"7_" 

h 

•)» 

MO 

M-U 

'1 S>2 ->3 o*i 
/5* J 

SkiS. /5* J 
' P 

<7 Ss Y «iV <7 Ss 
Orj ;\r 

!5 Si • V 27 
!5 Si 

rr y5" 

SI Si io ZZ SI Si 
yy zz> 

uS 

4iS 

Gb 

•US 

HO 

•Hf 

S A M P L E  

NO. 

20 

TYPE 

Si 

ss 

S3 

SLOWS PES 
• INCHES 

lio 

21 3V 
go '°"/j 

30 /J7v 

C L A S S I F I C A T I O N  

- f . -  -

lk~_f -
/ /  A r  •  V  c  

ia 

io 

C ILT-

"SILT id Si'J. 

^  I racc  i  j  L 
C ^ pa s» • p* r •, -j • . • 

s i t r -  - t < 2 : * „ J 

/22.0 
gfJO OA QoetHb. 

A-109 

REMARKS 



w WEHRAiN ENGMEERMG 
tNCXt9S 

PROJECT 
CLIENT 

yyr# .r.y.^v SVJL-*J-•••>.. 
'• r-J/ - ,yw.i/<.'.v /VAy<7p|'.rf 

TEST BORING LOG 

BORING NO.  • 
SHEET NO. OF -
JOB NO, ?T BORING CONTRACTOR ^ -.vs.#,•-.* ELEVATION GROUND WATER 

DATE TIME I WATER EL SCREEN 

WELL 
CONSTRUCTION 

S A M P L E  
a. _ 
Uk. 

p 3 

f 

•10 

•19 

r 2 0  

•29 

30 

•39 

i-40 

49 

NO TYPE 

5S 

BLOWS PER 
• INCHES 

z 7 

idjs 

TYPE 
DIA, 
WT. 

FALL 

CAS SAMP CORE TUBE OATE STARTED 
La!-* 

C  L A S S I F l  C A T  

t f i V D  -  - T -  . r  • *  J . . .  , ,  

0 N 

DATE FINISHED .? -
DRILLER T .•«••>•- • 

INSPECTOR 

REMARKS 

A-110 



WEHRAN ENONKRNG 
CONSU.NNG ENG^ftffS 

TEST BORING LOG 

WELL 
CONSTRUCTION 

r 
rSO 

«0 

•8 

rro 
i-

78 

NO. TYPE SLOWS PEP 
• INCHES 

SS 

ss 

55 

S5 

•o 

88 

90 

8 

SS 

11 & 
2' ,17 

LZjj 
2-j Z.S 

12. Zfi 
3/ 3Z 

2Z 31 

C  L A S S I  F I C A T I O N  

S/ 4N D  -

io 

s a n d  r<-

13 57 

Zf 7C 
>ea/s 

ss 

s< 

US "*h 

So ,ee/s 

ss 

do 

•3A \> r )  _ M. ,  .  
•—- - 5 ! f . 

REMARKS 

SANS -  .  . .  - 3 '«.) 

J22J 

.A SJ £ - y-0 ••/zilo'jJ ;5 r ' i  

22 

25LSZ- £42* •  ̂ C1S 
(tj, /JO/y || - IT pj'--". • . ;,y 

A- l l l  

SAnPLC 7-' S/>o«A. CAj-JCfj 

'f'uSiMC- SOO/fc .^^J  

kutJ •».» 

T-lMK-Z s.- Sioau 

•rui/Mit 300. a . H A H M t i .  

W»3«U on 





WBHRAM ENGtvERNG 
CC*«urNG 

PROJECT : C.P*; t C A-I— 
CLIENT •• f r< * '••!' ^* A i_ 

TEST BORING LOG 

BORING NO.'I^-4 

SHEET NO. | qf 1 
JOB NO. 

BORING CONTRACTOR; >Q o i< \ c •<. Cviu.i U{~> ELEVATION =U~ 

DATE I time WATER EL. SCREEN TYPE 
OIA. 
WT. 

CAS. SAMP 

I W. A ( \ 

CCRE TUBE DATE STARTED ^ 
DATE FINISHED 

RILLER -- V _i. 
INSPECTOR 

FALL -C 

WELL 
CONSTRUCTION 

I ! ! 

t 
C 
i 
Kl 

! 
i'J I 

C I 

C i 

_ I 

S A M P L E  

« TYf€ BLOWS 
• INC MO 

a 
i--lA 

a 
S-3. 
P,6 
S-3. 
P,6 .Ss 

i - -» 
*-<; .Ss %r-
S-^ ss i *-n 
S-^ ss 

l "e - IJ3 

ss *-1 ss 
S. i -IR ss S. i -IR ss 

(Aft 56 
- - - >— 

(Aft 56 
10 S-J 

«• ft M'U SS 
S-J 
«• ft M'U SS 
5-1 

A * -i R 
5-1 

Mi ss • 1-41 

5-6 55 .•-i 

S5 \ 1-4M 
\0  -»0 

S-ip is 

to ! "i- i i to 
S-i *iC £ i -^_-x 

i t  -n  
s-a 65 £J- -AI  
s-e P- ii 
A"rfc is n-n  

i i-ia, 
S-ft 

n - S f t  
S-A" 55 

90 o-II 90 
S-£ S5 IU-I9 

1-* 
s-n Ift- II 

\» - l£  
s -$  s> 2.(0-^9 

,3 -IM 
S-1 \M- i l  

V6- - *2  
S-ic ,7< »& -100fcr 

on ico 1 -r 
C--A <•« 

/R <* . •* u 

&>; 5S \fir-aa 

>5 <r- ̂  

*u » *1 L£ 25~t " !  

C L A S S I F I C A T I O N  HUO 

cLa.rX. »'CNCLCi*. -T-.N--W CA-fOC 
GRivv j iSW,  

S i H- v- CV o. 

\5^Ck ••-<"*< rVNJ O, 
St"^ R-i-fik. cje," CV«-M 

"VC.^ £ ^frwc, \--H-l-t £> \T , 
C \ a . M  

v  o r a o ^  m -  c  
i.e »-n v - rv, 3 , I '.^T I 

I +KIC1* C • \ 
C ^ <? - <Si R.rVvJ<51_, 
-c ̂  «-*" c- * £o.*io(. , \vrrV 
S«LA 

' .H l i .H  

L. I 

J .  s ic .  

4 -i/o-;* 

•V^ini m --C £ AMO. s- '  \+  

Li 

REMARKS 

2M 

e^r~rv gL\ r\e^ -V a -Q - TV> 

•Arok-tc,4* £'t V-A-

i vj c. 

£_2i£i 

occoL&a .  fc \a_c , \<  ,  

HEVLf tu j  !  cxa  oL 
r«xLdl\«,Vi occxa e\^<2. 

\L 
STCvvO »i \e»  

O a2_i 

*-£Z-
£. L 

i 

i3-

"A 

A-113 •» 



BsiGise?rjG 
WS COSUTNG ENOORS 

TEST BORING LOG 

BORING NO. 
PROJECT : CC-' a H»=-U IfAL SHEET NO. - OF-
CLIENT ; ~ w=w i /• AT JOB NO. -\- -

CONSTRUCTION 

TT-
I 

0 
X 
0 

Ul 
c 
2 
c 

5 
iS 

2 
V 
A 

38 

•43 

S--M 

s<r 

30 

30 

mo 

<.Zi 

S-J." 

S-^2 

S-J? 

30 

£32 

TO 

£21 

TS Sv£ 

•30 

33 

90 

•0 

£-10 
Atfc 

JZSSL 

B-ssI 
M 

TTPt 

ss 

ss 

•LOWSP& 
3 INCMC3 

lazHi. 
0-o-Me> 

lic^a. 
SS-Mfr  

SS 

SS 

ss 

ss 

ss 

ss 

££. 

ss 

ss 

X>±1L 
sr7-J f8  

iLSIL 
l£ol2L 
A2̂ L 
3M -H O 

^ '3H 
n̂-'odS 

Au~^n 
^±=±0. 

g.u-a?t  
25ud2. 

La v-ie»i< 

C L A S S I F I C A T I O N  

Sn.a 

-tools-

A£2i£L 

dlOkrA*. 4r^.^ A eoack 
S\ VJT N -V rCLCe." C. \o.^ 

~ e^<xck\ •rs*^ -Ve. Svv_t a--9 
SA-KJO,  \v . -<rV\« . "  C- le tw, .  

O- f tH 3-S V. UT 

- •**© d.oj-V. 

, V.-^N-€_ -S? 1+-

- ocCfiLSs'ia-ocxl oooodl 

-V-c^.a aa-c-C SPrMC i-r^cxc.-i. 
s ; v t  

C— "a—S A -D C , t-T~ck.C'C 
<Mt> 

ia 

0<= SOR.VVJQ^ 

A-114 

kKJVj REMARKS 

i*H 1 

=l£_! 

3 U 

V C. 

Ct-d îj 
a+kz 

M - U  

i.fc-

" i )24  



VyVs7 WB~R*N SMGJ^NG 
VA_S COSITNG fNG*«W 

TEST BORING LOG 
^vcc .  

BORING NO, uh£-^ 
PROJECT • oe 
CLIENT •• 

> - L *  1  

• • r 

SHEET NO. I QF _ 
Sim JOB NO-

GROUND WATER 
= ^g-N C ^ C-:«L TdL> •- '-"-"S 

CAS. SAMP CORE TUBE 
ELEVATION 

WATER EL- SCREEN TYPE 
OIA.  

« DATE FINISHED -  ;  -  -

WT.  ; - 0 ' c <  

DRILLER 
INSPECTOR 

FALL 

WELL 
CONSTRUCTION 

C 
a 

c 
r 
* 

'J 
J 

J 
< 

o 
NO. 

10 

IS 

to ll£. 

ts 

so 

ss 

4Qi 

4S 

Su 

s-j 
S-L 

2=2 

S-^ 
A-* 

§^2 

M 

Ss«t 

S-iS" 

s-.t 
s 

S A M P L E  

TYNC 

Ss 

ss 

ss 

ss 

ss 

ss 

ss 

«r-

ss 

ss 

ss 

ss 

ss 

•LOWS NCR 
• INCMC3 

1- -3  

l j ' i 1  

°i-n 
£o-ar  
iq  -as  

I S ~U 

~1-T 
M-K. 

ULlKo. 
££. 

L2_ 

1 L 
a^-sr  
IM- jL  

- r47  

iM- iy  

*U-'00 l(e 

Lfsieo& 

SCZ12. 
S-^5. 

Y- l l  

7 ^2 

C L A S S I F I C A T I O N  

^OLt-W oreu-j9-<v-i - c_ 
SPimo.  S, \T4-C\o^M , - r re^ fc  

G.r^vj«.\ ' 

dua-c-W V=v.*»»cA< r-^-C. 
4|aMO,  L ITT*«» SI \+tOe«.^ 

-L<x^v 9— SlA W'CS1 -Vrcuco.4" S^T 
browoin s^a.iAi rvc^ <ajV — 

~ r̂ixd \ r\ -Vo Vi \o TO U> ̂  

-v<L^ S\v_TvC.wfVN ^ ft 
^Se*-od 

V«-*x iSh 9 -  rv- ,  S^AJO.  
v ra f i .Av  S i  \7  

^A-KJC, l«W"+le. S> V+ 
-  ^raA '  Vo 

v-so.̂ V ̂ v, ^4 SlLT,se^e.ciftM 

SftUO, -VrtXCfc-V ILO 

S U V  r  
^ — FrW , Zs^c^-s.' %.(IT 

-  ̂<-<u=l > i-n -Vo m aA iu»» Li cu-'O 

•v-o.*^ -Vo ^r4v^ 1*\ Saajo, 
\ iW\4 .  

•*?-m SftND , -V-cokCO."4 

Si H 

oLcxr̂ L. VSC-QOJ Y\ S-̂ OVO. CLC 9 — 
ĉ NO, \;vr\«.- \-v 

•.^7 C",v> * *w&i  

* ;H-

— e^c-a.dLl .-\ c. V-e» Scnv fl." Si IT *T 
L»,  I  

" • ' >W 

9 $.  A foo v Vx-VVl^  
SI W 

^  SrVVi t i ,  I t -YHe 

S i \^ -
A-115 — 

REMARKS 



WVg'WBHRM B^NEEPNG 
coNsarNGfNO«8 

PROJECT 
CLIENT 

W E L L  
CONSTRUCTION iS 

**-= M \tftL 

S A M P L E  

* 
-j 

r 

j 6 

90 

•0 

NO 

Srf 

S-(9 
IV, 6 
£2& 

S-Jo 

B-J / 

TYM 9L0W9K* 
e • INCMCS 

2S 

S5 

ss 

SB 

SB 

24-uo 

•W3 
£-±££ 

av»a.  
•3-

TEST BORING LOG 

BORING NO. 
SHEET NO. ^ QF 
JOB NO. JC^ LrC^. 

C L A S S I F I C A T I O N  
REMARKS 

m -^-<=•  SA-wcJ 

A C .  
CC«.H S* v_Ti-CuA, M  ^  
g\_ «.«,,, T 

Si 
^Pv<oo, -Vtr.<-<e 

-~L>-tcd 

Hi-m 

^2. 

OA--? S,)V^C., 

^  $(VWO, 

SU+ 

C^p-«.v^ H-o -v<v.\ aa-c--C S.A-MC; 

~  cr^ f lL - ,^ ,  ! *e^ taAd l  HCi 'OuJ 
SAoJ.  aq  tyc^ 

t W Q  o p -

A-116 



.TIE. -
ATI-.;:* 

l 

l 
"l 
H 

i 

J C"-4 

U•-«. 
r. •-•> 
— ~ '•n -j o 
g J ?  

SPOON BLOW 
6- P2N2. 

•..•Si L 
CS.'IGM 

I ' • 

17 3 I 9 

i 7 22 1-11 

I 17 I 13 13 

A-117 

*0" £127. 

6"  ye l low f .  sand - . ; /  
sc reak  o f  l ign i te .  
7" yellow ned. sar.d. 

O 

13 sana l .  
f i l l  

Top -  gray  c .  sar .d  v /  
grave 1 .  
ba lance -  gray  f .  :o  
tod .  sand.  

13"  sar r .o !  

Top 1"  Tan c lay  c .  
sand.  
ba lance -  Tan f .  sar .d  
w/  n ica  £,  bo :con 1*"  
i s  gray  

3"  sample  

r - - -r.. t! rac- TO SK£Z? cr 



i v i s i c n  c? w a t e r  r e s o u r c e s  
.a „ c« g:*.'w.«..d i'l.-iih 

PURPOSE 

_ _ ., ,-v • — v .t 

T V ? 1" C F 
UP. 

WATER LEVEL 
DRILLER HELPER 

ii'v" A.'lO i . 0 . 

ELEVATION 
DATE STARTED 
DATE FINISHED 

DATE 

• / * o 

i n s p e c t o r  c p .  
geci 

-1ZV-
TIC* !  O ^ 

-1 - 3 u 
- O C M < -i O 

11 U = ia. Q 

5 — 

5 0 — 

5 — 

6 0-1 

5 -1 

.3 

i 

.3 .V'.? L2 

o 
IS 

1 

SPCON BLOW 
6" PENS. 

I 1 ' 

I 

C - -  ~ P - "  - - 1 U  

WELL 
DESIGN 

in 1 7 1  t  '  

9 ' 1.1 

Lb. 

CLASSI~ICATION 
"0" ELSV. " 

?. i. 

J gray C. co cod.  
c layey sand.  
11'  " .mice c lay 
6"  gray med.  sand 
l "  vhice c lay w/ i ron-
sCone 
ba lance -  gray f .  co 
aed.  sand.  

15 V  ia -oU 

gray s i l ty  c lay 

4"  gray s i lcy  c lay 
balance -  gray c lay 
v /Tr .  l ign ice 

A-118 

16 i "  sar .o le  

16"  sample 

gray c lay v /Tr .  
l ign ice 

N'oce sea led ho le  v ie :  
2 bags cemenc and I  
bag benconice 

1 2 "  s .mole 

TO SHEET 2 C" 



JIVIS'.D:; CI- WAT 
.. —ZUEZA'J C. CRUUKO W 

ZR RESOURCES 
.-iizR MAKAGZMZKT ^ * J 

. ' O t, 1 0 •  

AT:C:J  

L * Z STAP.TZD -  a  ,1 j  - "  '  ]• '  "  "  
F.-.UZCT TS-Kadi . -on PURPOSE 3or inz DATE Y11113 M Z D i.:, . o C 2!, 
LCZATIO:: WATER•LZVZL ^ « fT> ^ TIME 

o o; 
— - Y — i • — it -U. .CJ no low 

DRILLZR 
Larascn 

u *«. 
z jl _ 
o ? b 

.SA^LE 

3 — 

u 
jb 
e-

SPOC:i 2L0M 
6" rr:;z. 

I ! i 

V21 

Z4 

3 I 5 I 5 I 4 

T *•  CO TV"- - "5  r--< 

GZCL 
3 van 

• < 

DiSIGN 
ĉ .2s:r:c.i-:o:-; 

•o* sir;. " ' 

dk B it •  f  # sand 
w/screak Tan ned sand 
& g rave1 
ba lance =  gray  f .  
sand -  Noce auger  see
ded 3"  co  10"  

24"  sample 

' sna i l  ba l l  o f  vh i .ee  
c lay  and g rave l  

-OiC beu.VJ i ;  

A-119 

gray  s i  lev  f .  sand •  
v / tan  sand and screaks  
o f  can o  g ray  c lay  

sc.™:: s.:? ?r.c» 70 SHSS7 cr 



:L .•'HC.-iCTic:; 
-\ZSO'JRCJ3 

..-w G-.. ,\D ',,'ATZH MA.\'AGZMZ2,*T 
• C F  W A T Z . 7  "7.13 ' 



A-121 



2 l'.'13-Ol' C7 1R ?,£SCV?.CZS 
c:r GHO.:;D :-;k~ZR y..\:::,Gz::z::7 

• j .. •J o ; ' 

- 0-

~~[ ->'4 6 3 1 15 i *"M 
1 1 
1 1 
1 1 

1 1 
v5 

i 

7 li I !i 1 7,', 

i 1 1 
1 1 
1 1 
I I "  

l£6  '// 7 23 1 27 1 30 

& 1 " 

1 1 
1 1 1 " 
1 1 I 

\ 
\ 
\ 

\y>. 

op 10"  or .  tan  r .  co 
c ied  sand w/screak c :  

lav  ac boc ton.  
midd le  5"  -  layers  o f  
or .  6  g ray  f .  to  med.  
sand «• /  V '  layers  o f  
l ign i te ,  bot tom 6"  -
3ray  * •  co  ned.  sand 

2"  layer  o f  l ign i te  
a t  bo t tom 

:Cr.o. 

li-,-2 \ 

T—L A-122 

•choco la te  g ray  layered,  
c lay  w/c .  s i l t  t .  vr  
sand beds vary  to  
avera l  inches.  * .  

op  3V mot t led  grav  
[c lay  v /br  -  gray  7 , ' f ,  
-o  f .  sand hoc to rn  9 -  " .  

1 * • — 

rz7 TT.oy. TO 

i gn i te  

See .'.'axe Pate 

sample 

SHiST cr 



:z.:J of  c rcohd oat  or  

da te  s tar ted  s+is'y 
purpose date  f in ished 

LATER LEVEL 

TV?E C? 
3 7.1L— . *« «J 

DRILLER helper inspector  cp.  
** ** T C *** 

-ASj - ;  -w.«  

Top 1- j "  g ray  c lay  w/  
s i l t  co v f  sand layers  
bc-tcon 12V gray •..•hi: 
v f  sand Tr .  l i c r i te  

gray  wh i te  f .  sand v f  
k"  or  -  ye i .  sea3 l i "  
f rom boccom be low i s  
vh ice  f .  sand +Tnc lay  

fop  4  ̂  "  gray  f  co  mad 
sand v /c lo ts  o f  c lay  
ooccom -  layered whice  
S ye l .  o r .  f .  c layey 
sand w/ layer  o f  ign ice  
2"  up f rom bot tom 

14"  s  areo la  

ios t  samnio  

• •ashed f .  to  : . .ed  w. - . i te  
sand * 

• /ashed f  to  vc  
s and 

Lost  sar .o ie  

:.o samp re c: 
s ince +  3  f :  
in aui'cr 

:.'o sample trier 
f t  sar .d  i n  auger  •  
take +  20 ion  

Top 2"  gray  wh i te  f  to  
/c sand w/wnite clay 
p lo ts  midd le  -  l igh t  
: ray  f  c layey sand vf 
[:l.-.v. to clayev sand io. 
f ' lna le  .  icc tor . - . .  / ^^or  

• c  co  t  son 

. oo i d "  or. clayey f  

• sar.d w/ci:c of yei.- ' 
I.-hite clay 2cccom 12': 
ko t t led  gray  zo b l  gra ;  
h rv  c lav  w/severa l  

17"sano la  

l  -  •;  OS. . . , -

- . • i t  -  :  *  ?  -  • '  

a-123 
S C.I I IN SIT F?.OM_ See Nerc t -Paga SHUT cr 

cr 



J 



'Z ~P.Z3CJ~.CZS 
TZZA-J c-  GAOLED WATER : :A: ;AGZMZ:;T 

ZCT CPS-Sadison Ft 'P.PSSZ 3or i r> 
:o:J _  ^ATZR LZ7ZL 6 .  9S '  

i  _c::  

CAiZ STARTED 

_ DATE FINISHED 

_ DATS 6/21 
w  -  . .  c  _  

RIL-EE'G Hol low . - -^9 
DRILLER 

3  c -
• • '7  '/P 

2 1 ! t 3 1 7 o 
1 

I 1 
1 1 1 

1 1 
/, 0 1 _1/J 'S 

1 1 
1 1 -
1 1 

1 1 1 
o I 1 ! r r 

scsrr:: «-;? mOM 

IVSFITTER OR 
an 

C-.3S::-ICAT:OJ. 
* 0 "  z „ r j .  -  '  

cr .  s i  icy 
gravel  v / lavers of  .  
dark o l ive or .  s i  lev 
sand 4 whi te s i l ty  vf  
sand 
"or .  s i l ty  sar.d v /c la> 
avers 
*5 Can to  whi te v f  c ;  

f  sar .d 

3fay co or .  can v f  to f  
sand w/screak of  l ig
ni te 6"  f rom boctoa 

iSn.S .2 

15" saxole 
w/6- i "  f i l l  

Top-several  gravel  
scones 4 V ironstone 
layer  5"  gray v f  to f  
sand 6 i "  can 4 grav v f  
cor '  sar .d resc—or.  v f  
Co f  s i l tv  sand 

5" R̂--s ant 1e 

Iop-9everal  gravel  
scones 3"  can t ied to  c 
s i lcy sand v/screak of  
l ign ice bocrom-gray 
ned sand v/chocolate,  
or .  & gray s i lcy sand 
a c  b a s a  

sant .a 

Top-Tr can f  ciayev 
sand w/ f  grave 1 '  9" 
can f  co ned sand w/o 
screak & Tr  l ign i te 
2"  or .  f  to  med sar .d w/  
screak i ronstone bocto 
can v f  sand 

SaT.2 

j i o p  3 " - T a n  r  c o  n a a  

s a n d  B o c c o r n  5 "  i s v a r e c  

o r .  &  g r a y  r -  c o  s a n  

I " /  l " layer  of  l ign i te 
' in  middle ,  s i l ty  at  
base 

san?ie 

;cme c.n ips of  
.n spoon 

70 

• igni te 

snrrr 

Lost  sant  i t  



. • . _ . , v  c f  
t i v is ion  c~ va tza  resources  

:u-zau of ground v:atir managemz:" 

•D- ~ " — ' PURPOSE 

V'ATZR LEVEL 

ELEVATION 

CATS STARTED 

DATE FINISHED 

S-Q5 

DRILLER r 
Grrit ~ 

I 

I 

s — 

5 — 

= 0 — 

c~ 

= M 
- 2 <-
i i oc  < — 3 
'J M U 

.SAM? IS 

SPOON BLOW 
6* TSNZ. 

DZ3IGN 

•>• 9 f,'/ <1 ~ ' ' ' ' i •>' 
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can f .  sar.d 

SHI" 
w u.T. 0 . u 

cr 



20* 55 

•«? ^ T *5 
- -HID 

sj 
T>r  

G2-: 
• •CTC. l  C?.  
* ^  ""  — ^  '  ~ •  

a*_ w 

90 '  IL.  

. i 
i I c— 

s— 

1 

I 

g l | i  2 
S?CS:J ;LCW 
5* ?r::r. 

CC*:GN CIA35:-:CA?:CN 
*0" rir/. -

I I I 

1 I I 

/  can c .  sand 
5"  red br .  n.  to c .  

.sand v /cr  red br .  f .  
c layey sand ac bocton 

12" sazple 
sealed v /2 2/c b« 
cer .er .c  

A-148 

sc-zzy. srr rac.M 
sx :  cr a 



I I  —— I?."G Aug*r  i  Rccarv 
DP.II1ZS 



30 + OS 

3  f '  -

'U 

A T Z D  
~::;:SHZD 
r  i—-r  

TO * •3 T3 

-i o c; c < r .= I z 
S7CCM S13M 
«• ?r::z. 

rrsio:; 

5 3 — 

5 — 

3  0  — 

55-

/ 0 «  

1 n 

:-y< 

I I I 

I I I 

1 3 1  TOL n  l ^ i  
I I 

151 43146 I  51 

1 

I I 

• — - L a » .i i COpC 
iron scons 

*3 k . 3 • S£rd v/llT^^r« 

*  n ica  
3aiancs a gray i. cla-. 

S a l j  •  2 

ey sar.d 

lose sacrls 

:op T' can f. co c. sand 
3 a i a r . e s  -  l a y e r s d  o r .  
f .  s a n d ,  w ' - . i c a  c l a y ,  i  
ran f. sand in l"-2" 
laver 

•s sa.no is 

op 3" can c. sand 
3alar.cs-can f. sand v/ 
screak of or. f. sand 

A-150 

can. f. sand 

s a-o is 

12" sazsls 

SCSiSM SST FROM TO SHCST or 3 



3O+OB 

1 1 1 1 RZRI" .SAX?IS 
I 
1 R • I A 1 

AT:::: -
S VI — 2 «-M O B  < — C 2 *a 

U 
» 

3?C0:» SZ3W 

6* ?s:;s. 
1 SO —I 1 i i i t  1  

s — 

1 
1 
"1 

50 — 

. ' J * *  

J 
d 

110— 

J 
! 

;-| 
I 

1 
~i 

"1 

] r 

I -  !  

7" 

. / 
-

2 LdJ_22 

•o"  n r . - .  

vhice clay w/'c. sand l ose  saade 

ur3y~to O K . iOgnics i" 
clay 

A-151 

layered gray £, dark 
3-3'/ aicaceous sidy 
clay a-d clay 

^ i" . -l o sar.de 

:oec :o  o f  ho le  
1C3 
2;: bags 0: 7y-; 
- * •  o r . i i  i  bag 0 :  
vo lc lay  



-3Zi5& 

.  r  3—:  jQ SO?.  ?r-'~.?CSI ocr i.-.g 

CRZLLZ3. 
Larason C-rran G — - J-CG IG T 

.-.van 

I 

I 

I 
I 

I 
I 

D 

7 5-

"1 

"1 
.1 
H 

J 

! 
J 

'd 

<i? i  i  
3?CCN 31CW 
o - ?z::z. 

A— 
Di3:c:j 

I I I 

I I 

-38 --=f 
33 I  321 211 30 I  

I I I 

I I I 

.op 6"  can. : ,  co med 
sar .d v /gravel  ar .d 
pel lecs or  c locs of  
i igr . ice 
lower 6"or .  f ,  co ned 
s i l ry  sand 

Sealed w/3 bags Type 
I I  & ^  bag of  ber .cor . i ;  

15" fill 
I I "  sa-ol  

A-152 







-r3l±9<0_ 
• • « NM .< 

i-.'j-.-.a: ison p-crre- 3^r' • 
s r z a  

: ; : : shzd 

DP.ZL1Z?. 
larason 

:P r-s 

• f 

M 

i 

J 

J 

.1 

- ICC < - c 

.•/•an 

s?oc:i SLCW 
s" ?s?:s. 

:ZS:G:I 

I I I 

J I I 

U I 19 21 I 32 

czxz2z?zz\7zz: :  '  
•o*  z~~/ .  -  '  

gray whine sandy 
clay speckled 

A-155 

- i "  sar.p le 
sealed w./ j  bars 
cer .enc ? bag be:  
c r  n i  c e 



i. - .«  w u .  i  .  - -

sc .v . j  :  
— '--"-n ?rJ?.?C£.i 

^=35gg-

HO i-99~~ 
ST -5^"3  

—* 
j 
i 





;o — 

1 

5 — 

! , i 
zO —! 

s - _  

-  - ,3 -7  
^ I . 

I 

II 

i 

H 

5 = = I = > 
6" 

s?cc:; sisw 
6* ritiZ. 

DZZZPM 
ci^3s:r:cAr:s:; ' 

"o" zzzv. - ' 

•  / / i  -  > ' 3 

I I I 

I 
TrTXifsT 

I I I 

zocc.ea c=n c lav 

-o  ;d ; r  

|ray wnice clay 
flaked w/'caa clay 

A-158 

o  sa-p iC 
r .o ccor  

S 2 3.1C C r.J / ̂  ̂  
bags 22"2r .c  

SXZZT 2  cr 



I 

1 

1 
I 
I 
I 

I 
I 

I 

I 
1 
I 

I 
I 

I 
I 

I 
I 

I 

Al±c$_ 

?c7 i?csz  -or «r.2 C.VRZ R::;I = ::ZD ;2, :H: 

V31 DRILIZR 
larsson 

:-:ZL?ZR 
Cur r  sr.  

.v- 'ar .  

Tvc;?r^5  >-•5  
GZCLCGIZ7 W"' 

i 

-  0— 

.SAM? 13 

n: : 2 
5 - -3 2 

S?CCN 21SW 
6' ?z::z. 

cis:SN 

i i 

5  I  % I n !  

% 3 17 110 1-10 

i _ 
-1 ty fA 3 I  231 37 l  30  I  
- !  ^  I  I I I  

Cw>SZI"tC<\7 •***; 
•o ' « 

4" gray c lay w/scrsax.  
y . f .  sand 
Balancs-y. i .  co a.  
sand 

14" sanpla 
no caor 

coo-coarse g-aveL 
J^ray f .  sar.d v /screak 
^^ y . r .  sand 

- — -d ex..i u i. — 

no odor 

A-159 

I - sc sar .o ie 



/ 

47 + C3- -

or-2 •=."> 

DRILLIR 

,.3 
Tl  '=  ho 

gray  s i .cy  c la  
gray  c lay-spec 

3"  l c .  gray  c lay  
y. ^ • co m • ss 
l c .  gray  c lay  

screaked w/y . f .sa  
3"  ak ,  gray  ca ly  
2" gray =. szr.d 

4" 
/ , "  

y 
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r-:?> MONITORING 
PURPOSES ONLY 

^ 37A7; C•* .£:'V.3R££Y 
I 3 : - '  ' S N T  Z r  = N V I ? C > . V £ N 7 A L  ? S C 7  

1VISICN C? WAT£.= SiSCLSCSS 
• .. • 

/ 

WELL RECORD 

i~ :CN Ji. 1 ~ i Z. iP;:v.,: \0 ~ ~ 
«• - * C, 

APPLICATION SC. 

V  •  -  -  -  a - . . ,  (T2UNITV S =.C 

C'.' •»1 s ; w I • . 1 • A ___ 
~S C.u.e.~ical Cor.oar.v 

Owner's Well No. *CC— Id 

LOCATION 

ADDRESS _ 

SLR FACE ELEVATION _ 

• e W e ^ w X « w a ^ w * ̂  ^ CT ® 1 * 

m*sn m* 4w/> 

CATS COMPLETED 6 Jan 81 

DIAMETER: Too. . tncnes Bottom 

DRILLER 
6 

J . S .  F r i t t s ,  C o .  

CASING: Tvae Sell 40 ?VC 

_ inches 

Diameter 

TOTAL DEPTH. 

Inches 

.01  

Length, 91 

c — - - K , .  S e l l  4 0  ? V C  .  0 . 0 2 0  2  1 0  
• >—n-—N. 1 YPS — __ Size of Opening Diameter _______ Inches Length. 

—"T: 
—Feet 

Range in Depth 
f Top 

/ Bottom 

9 1  

101 
Feet 

Feet 
Geologic Formation Sari tar. 

Taii Piece: Diameter. . Inches Length. -Feet 

WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at Feet above surface 

Feet above surface 

RECORD OF TEST: Date Yield. Gallons per minute 

Static water level before pumping • Feet below surface 

Pumping level —___________ feet below surface afitr __ hours pumoing 

w F e e t  S p e c i f i c  C a p a c i t y  — G a i s .  p e r  m i n .  p e r  f t  o f  d r a w d o w n  

How pumped How measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Ca cecity H.P. . G.P.M. Haw Driven * 

~ F**t Depth of Footpiece in well 

Depth of Air Line in well Feet Type of Meter on Pump 

R.P.M. 

Derm of Pump in well 

USED FOR aonitorlnc AMOUNT 
[ Average 

Size. 

Feet 

.Inches 

QUALITY OF WATER 

T«te_! 

^ Maximum. 

Sample: Yes. 

Gallons Daily 

Gallons Daily-

LOG descriptive 
Odor. Color. 

_ No 

Temp. _ °F. 

(Gi* omit on one* of meet or on monntt tneec If leezne lot mot m#o*. 

Woodvarc-Clvce Consultants 

Are samoles evaflable? ^es fumithcoorJ 
SOURCE OF DATA 

DATA OBTAINED BY Woocvard-Clvce Consultants 
" Date 

6 Jan 81 

A - 1 6 4  

(NOTE: Use other side of this sheet for additional information such as tog of msmiais penetrated, 
analysis of the weter, sketch map, sketch of special casing arrangements, etc.) 
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I 

I 

*'ouna Surface ?o. 

•va:e' evei -

•Vaie* :evei « 

. ft. used . casing. 

.ft. below G'ound surface at comoietion. 

.ft. Below Gtound surface _____ 

Foreman "3" •*/' 
hr A" 165 ,Ci.tl0n 

Sv. Soring No 



^  STAT;  ;?  V£ 

;£i-R SflOfiliORlKG . -vhxnst*ATi*au3v«<n" 

PURPOSES ONLY 
ICTICN J P S S V I T  N O .  

I A '  

cwv,s- CPS C.u.e.T.lcal Cc—ar.y 

Cwner'j •Veil No. WC_- 2M 

WELL RECORD 

ADDRESS 

APPLICATION SC. 

COUNTY "ICO-gSeX 

w • r < 

P.O. Bex 152, Old Sridc-i 

DIAMETER: Too 

CASING: Type 

- Sch 40 ?VC <0 . 0.020 
'VP® Sue of Opening Diameter 

Range in Depth 
Bonom 55 • p, 

Tail Piece: Inezes 

Geologic Formation Raritar. 

Length. _=eet 

WELL FLOWS NATURALLY 

Water n«s to 

Gallons per minute at Feet above surface 

Feet above surface 

RECORD OF TEST: Date Yield. Gallons per minute 

Static water level before pumping . Fee. Mqw 

Pumping level feet below surface af.er hour, pumping 

Drawc-wn _________ Feet- Specific Capacity Gals, per min. per ft. of drawdown 

How pumped How measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Caoaciry 
H.P. . G.P.M. How Driven ____________ 

~ D e p t h  o f  F o o t p i e c e  i n  w e l l  

Depth of Air Line in well Feet Type of Meter on Pump . 

Depth of Pump in well 
R.P.V. 

Size. 

USED FOR monitoring 
AMOUNT 

QUALITY OF WATER 

T*rr» 

LOG descriptive 

{ 
Average 

Maximum. 

Sample: Yes. 

Feet 

•Inches 

Gallons Daiiy 

Gallons Daily 

Odor. Color. 

- No 

Temp. _ °F. 

(C.<m ami, on One* ai J/WVT or on aw>n i/wvi H etamrie lot mm, moot. 

SOURCE OF DATA Woodward-Clyde Consultants 

Are samples available? YgS 
fumun cooY.J 

DATA CETAINED BY Woocward-Clyde Consultants 
Date 20 Jan 81 

A-166 
(N0T-: u* other tide of tnit sheet tor addiv nation weft as log of materials penetrated, 

analysis of the water, sketch map, txetch of special easing arrangements, ere.) 



•v *ON Buijog _ 
• T1 *uoii8i0w"f lane -JJU asejjnj punojQ MOiaq 

£91-V •uoijaie-.ues it asapnt puno/3 MOiaq -y 

*0 5sc;e;» £uuc : 

s »A#: ia:ev  

*• »*•: <a;e.v 
x " >. '  * • J. -/•* Y? / yf utiuaioj 

ir̂ i. .'6UISB5 .  ..r^.c P»ri -y - ; sv 0 1  a s e _ * s  0uno<£. 

4 JT7tL& 11 ' • •• •-".:- . * ' 
jj • J/\d uI ~ ,y; , r  
U I -T> 1 * - * J a * * 

J 5^ci g.S| '<£'b£*lfy ?/•>. "J. & rv ,-t /-T?*s v ^ 

* I  , X i  ' • • 4 ' > \ <  " '  . "  S * ? 7 j £  
1 y f i  <Vi i  f / f  .«—, • •  .  . . ' "  j  _  v , ,  ,  / —lU yX-*?fl£ >^2 2"*\P&Y5 p a «/  ' /  A"*4~J \ ,ir 97 

TS&'l 9£r\'& \J?i(\ • * • ?\ «• '9-

!  £ / i  6 \  J> <* / /£  * "Z  n r fS  ^ -7^2]  ^  ;<> 

> J'j rv r̂r̂  
<"* " Y & & c P̂ y i> A-""*V CJ Q1 -y • •>«.;-

' / - 1 -s,= 

C I S  
NOliVDidtSSVID 

| ue,, 

"••3C 

V 5UUOQ J;U: err.." su~c." 

*! oasr _—;:t~ ;; 1 



"r3R MONITORING 
PURPOSES ONLY 

J STITS S-SW.-SSSSY 
ISrA '  ' ' -S 'T  C -  : .WlSI \M;S '7 i ;  3 : ; -

» iv is ;cs cf wA7£.q nsscjacss 
J -r- -1 -

I *s -  * .TNO.  _  

' - • / 
•  • ,  « /  .  r <• 

WELL RECORD 

APPLICATION NC. 

COUNTY - -S3X 

.  c v , =  -  CPS Chemical Ccr.oar.y 

Cwnsr': .Veil No. riC.. ~SD 

LCCAT:CN _ 

DATs COMPLETED 6 Jan 81 

DIAMETER: Top 

ADORSS3 P .C.  ocx  io2 ,  C lc  Br ide®,  J"  

SURFACE ELEVATION 

Range in Depth 

Tail Pises: Diameter, . Inches Length. Feet 
WELL FLOWS NATURALLY 

Water -ises to __ 

Gailons per minute at Feet above surface 

Feet above surface 

RECORD OF TEST: Date Yield. Gallons per minute 

Static water level before pumping _ : Feet below surface 

Pumping level __ feet below surface .fur house pumping 

Drawcswn Feet Specific Capacity Gais. per min. per ft of drawdown 

Hew pumped 
How measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Capacity 
H.P. - G.PM. How Driven * 

Oepth of Footpiece in well 

Depth of Air Line in well Feet Type of Meter on Pump 

Death of Pump in well 
R.P.M. 

Size. 

Feet 

.Inches 

USED FOR monitoring 
AMOUNT 

QUALITY OF WATER 
• • 

Tut* 

LOG 

(Avenge _ 

Maximum. 

Sample: Yes. 

Gallons Daily 

Gallons Daily 

Odor Color. 

_ No, 

Temp. _ 
cescrintive 

°F. 

re;. JZ.'SSj" — 
SOURCE OF DATA Woodward-Clyde Consultants 
DATA CSTAINED BY Woodward-Clyde Consultants 

Date 6 Jan 81 
A-168 

(NOTE: Use other side of this sheet for eddrtionai information such as log of materials penetrated, 
ana/yc: : •' the water, sxetsh mas. sJtetci of special casing arrangements, etc. J 



J. E. Fnli iS & ASSOC. INC. 

Sur*acs :nis boring is 

:-»TH 

j'Cund Suffice fe. 

ev»' •< 

»v»' s___^ 

tr. used. . cosing. 

.ft. below Ground surface at eorrcietion. A-169 

.ft. beiow Ground «ur*»p» i»» atter eoTicietion. 

Foreman 

/* 
Soring Mn ~* 



-£08 MOOTING 
PURPOSES ONLY 

=O STAT;z~ Nsw JERSEY 
'SNT 2r i.NVIRCNMS.NTA;. 00C7 
/•VISION 0? WATER RESOURCES 

• ^ 

WELL RECORD 

3 07: ON 0 >•- 7*N0 -

~ 1 » w t 
APPLICATION NO. 

U » J J 1 _ CTL'NTV-  —-- les ex 

Qv.-\ = = CPS Cher.ical Cor.?ar.v 

C«n{.'': Well No. WC_- 4M 

LOCATION 

• - =... P.O. 3cx 1 = 2, Old Ericce \" ADORSS3 ; *--=g> 

SURFACE ELEVATION 
cii *rt:/ 

DATE CCMPLETEO 14 Jan 81 

lAMSTSR: TOO. , inches Bonom 

DRILLER 
6 

J.I. Fritts, Co. 

CASiNG: Type Sch 40 PVC 
- inches 

Diameter 

TOTAL DEPTH. c... 

. inches Length. 47 
_ Sch 40 PVC . 0.020 2 10 

5w*>»N. Type Si2S of openingUlamatgr ****** Len5thwei^_ 

Ran^ in Depth { Top. 47 

Bottom 57 
Feet 

Feet 
Geologic Formation Sari tar. 

Tail Piece: Diameter. , Inches Length. .Feet 

WELL FLOWS NATURALLY 

Water rises to _______ 

Gaiions per minute at. Feet above surface 

Feet above surface 

RECORD OF TEST: Date Yield. Gallons per minute 

Static water level before pumping • 

Pumping level _________ fee: below surface after _ 

Orawccwn Feet Specific Capacity. 

Feet below surface 

hours bumping 

Gals, per min. per ft. of drawdown 

Hew pumped How measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Capacity H.P. . G.P.M. Haw Driven * 

Feet Depth of Footpiece in well 

Oecth of Air Line in well Feet Type of Meter on Pump 

R.P.M. 

Depth of Pump in well 

USED FOR monitoring AMOUNT 
f Average 

Size. 

QUALITY OF WATER 

T*rr» 

^ Maximum. 

Sample: Yes. 

- Feet 

—i Inches 

Gallons Daily 

Gallons Dally 

LOG descriptive 
Odor. Color. 

- No. 

Temp. _ °F. 

/c,_ — Are samples available? -eS ' o»»</» on Docx of on mi or on moarstt Kwt, It amevte tog mi moot, pmom fumisft caoyj 
SOURCE OF DATA Woocvard-Clvde Consultants 

DATA OBTAINED BY Woocvard-Clvde Consultants 
Date 14 Jan 81 

A-170 
(NOTE: Use other side of this sheer for additional information such es log of materials penetrated, 

analysis of the water, sxetch mao, sJterch of special casing arrangements, etc.} 
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.  * \  STAT;  :?  S- i i  =  

«fi MQN!TORifjG 
PURPOSES ONLY 

" \  - " I T  C A  -  . V . -  « '  
-:sn ..J -\,c •- w 

WELL RECORD 

A??'_ICAT;CN NO. 

CCUNTY"-~~ -~s ex 

CWN = = CPS Chemical Ccmpar.y 

Gwr.er': Well No. - — 

LOCATCN 

ADO a ESS P . O .  3 C X  - 5 2  ,  O l d  I r i c r e ,  ^  

SURFACE ELEVATION 
lASoor rr»»n » •H 

DATE COMPLETED 15 J&n 81 

DIAMETER: Top inches 

CASINO: Tvo* Sch 40 ?VC 
Sonom 

DRILLER 
6 

J.I. Iritis, Co. 

.inches 

Diameter 

TOTAL DEPTH. 36 

e- -e-K. .  X Sch 40 ?vc . 0.020 . 2 10 S*-..-—.N. Type S*ze of Opening ____ Diameter !•"' 

, Inches 

-.ches 

Length. 25 
_-tet 

Range in Depth flop 
Sonom 

25 
Length _. 

Feet 

Feet 
Geologic Formation •narttar. 

Taii slece: Diameter. Inches Length. •eet 

WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at Feet above surface 

Feet above surface 

R SCOF.O OF Tea •: Date Yield. Gallons per minute 

Static water level before pumping • 

Pumping level _feet below surface after 

Draw sown Feet Specific Capacity, 

Feet below surface 

hours pumping 

Gals, per min. per ft. of drawdown 
How pumped How measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Capacity 

Deem of Pump in well 

Decrt of Air Line in well 

G.P.M. How Driven * p..p. 

—— Feet Depth of Footpiece in well 

— Feet Type of Meter on Pump 

R.P.M. 

Size. 

USED FOR nonitoring AMOUNT 1 
Average 

QUALITY OF WATER 

Tare 

LOG 

Maximum. 

Sample: Yes. 

Feet 

, lnc.es 

Gallons Daily 

Gallons Oaiiy 

csscrntive 
Odor. Color. 

No.  

Temp. _ oc 

, e , . - ^  .  —— Are samples available? ¥ e S  amis on 6*cr o1 «/*#rr or on mown H Metric J09 mm moot, /i iw fumm1 eocyJ 
SOURCE OF DATA Woocvard-Clvce Consultants 

DATA 03TAINED BY Woodward-Clvde Consultants 

A-172 

" Date 15 Jan 81 

(NOTE: Use other side of this sheer for edditionei mrormetion such as tog of materials penetrated 
analvtis of the were', sketch mts, sketch of cec/'a/ casing emngements, etc.) 
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PURPOSES ONLY 
WELL RECORD 

AC 03 ESS 
C= = CPS Chartica: Cc-pa.-.y 

Carter's Well No. '"CC- $3 s.japACS SL£VAT:C-' 

LOCATION 

. DATs CSMPLSTSn 12 31 DRILLER J*Z* --'-"3 > 

DIAMSIS.R : Too f—inches Bottom __f_inches ' TOTAL 
CASING: Type Sc.T 40 PVC Oiameter 2 

SCR EEN: Type SC" 40 ?VCS;Z» of Opening 1^} ° Diameter 2 

65 Feet 
Range in Depth J -g Geologic Formation 

I Bottom • Feet 
Ta(l Piece: Diameter ? tncftej Length. 5 

WELL FLOWS NATURALLY Gallons per minute at . =«. J0Cv. surfsc8 

Water rises to __________________ Feet above surface 

RECORD OF TEST: Date ! Yie,d oailons per mmute 
Static water level before pumping r.e. surface 

Pumping level . feet below surface afier .. hours Pumomg 

Oraweown Feet Specific Caoacity G«:s. per mi.-., per =f =-3wc: 

How pumped How measured 

Observed effect on nearoy wells 

PERMANENT PUMPING EQUIPMENT: 

' ype — —Mfrs. Name 

Capacity — G.P.M. Haw Driven * K.P. 

Depp of Pump in well Feet Depth of Fompiece in we! 

Ceptn of Air Line in well Feet Type of Meter on Pump 

««= '01 AMOUNT I =-
Max imum 

QUALITY OF WATER 
'{ 

Sample: Yes _____ s0 

>an Odor Color Temp. 
l og  descr ip t ive  .  v«-

(G,tm oram ON ORE* AT snort OR ON sroontt moot IT UOETNE JOT mot MTOT, promt FVMANAEY]̂  *VJ1,ao'e? — 

SOURCE OF DATA Woodward-Clyde Consultants 
DATA OBTAINED BY Woodward-Clyde Consultants 7-' -a-, =• 

. Cate " " 

A-174 
(NOTE: Use other side of this sheet for odditis.. ^..nation such ts /©- of meteriais 

analysis of the water, sxetcn mas, sketch of thtxiai cssing tmr.psmenz, ere; 



o 
•D VJCC-7m 

• I  - ' i  - f  '  J. E. FnlTTS & ASSOC. INC. 

: =  >  c/ *  < ? . J  •  »  £  J "  •  /  

*sc Darjrt -sed ij. 

.'C9 Mo. 

e s i - L  f  / * T  <  

/\ . 

^ /g J 

's - n 0 Sufaos tfiis boring is. T' \  

_ 56'TH .j CLASSIFICATION Simon Tvoo NO. Somoia Dootn 
f ' (NO of 39" 9>kwi on Sooon «.C0Wy, Of m _ t-5" | To &- 7 -7M 

Simon Tvoo NO. Somoia Dootn | lot «- Jn« 6" j 3'0 «- «.C0Wy, Of m _ 

7 I . .. \ j I 1 1 ! st<*!A A t  * i •> ̂  ® ? ! 
:' /)' \/2<, ^ A 2 f.£ T u '.I /7 1 2 / 1 ? > I! ! ! i sO; *-z: -T / K / j •t- 1 1 J 4  1 7 /, s S 1 
' > ' )  * ? ! > £ .  Z . 1 - 7  /  £ T .  • » ' J I?' 1 / ? >?>i r S i 1 _.. V —b ' s c'j ?i! 1 1 

r r A A t t i C t  / • Z 21 ci f* 1 * 1 + | * jA ! Jj i /7a Ar// 1 1 • 1 i •• 1 v ci*s - - • -TirlfVzl ://t l 
- / ' 1 -*V*- <J/< *4^/ I • I I • I • 1 
Tr^UZ '/c &AS—/ Wf^~ T^.b L >" ju • v /1 r *7 ! 7 - i r * -47. S,<7-,- f>L—D • 1 9 , ̂  * i-a.f I I f 7 iy \ 

! Writ*- ' A .  /* ' ^^yr1' c/\ ff sy • i 1 vrT- // i >r/ii i?! S?A' 
T Z  ?AA c/ L>LZTZ *X-£ i i 

!  . .  • i. i • . .1 
1 .. • • 1 ! 1 

• rS c - tZ <r-£• Ẑ' ' £ftrrrr~*0 ! <-s- * ' 7T Lt r T f /&~e.A? ee' TT st • IT^Jr_ 7-2,-A- juAOS 
i !— 4 fj»/ t e fve 1 • 1 1 ' I 1 ! 1 S | 1 .; 1 | ! • 1 1 i • i i i • • • 1 1 1 

• . . .  
1 1 . 1 . 1 ' 1 1 i ! ! K • • 1 1 i i 1 1 i i -  .  i  1 i 1 1 S 

C-c-.-c Su-*ace to. 

•vate? <«v« '< 

.'•a:?' .ewe •« 

•t. used. . easing. 
.fr. below Ground surface at compietic A-175 

.ft. below Ground surface hrs. after c3~3'etion. 

Fcreoa 

Sorino N 



>3R MONITORING 
FL'RPOSES ONLY 

S~i7 i  ; *  sz*i ,3 = «3y 
:?.4' **S.V7 C? i.NVlSC.'iW3\7iL "-C7 

DIVISION Cr H&TzR "£5Ci»'.^C33 

J L ~ ~ i 1 O-s^ ,^ v- ,, 
1 s£-v  "  w ~  

WELL RECORD 

APBLICAT;ON 
COUNTY --11 - s sx 

C 

Cv.'.',• ?  C?S Chemical Company 

Owr': siI No. nC^ — iM 

Bex 152, Cld 3--'--a v-
_ _ _ _ f  -1  w 

Range n Oepth 

7 a.; Piece: Diameter 

WELL = _CWS NATURALLY 

Water ue$ to 

fTnn ^ 5 Fes't 
55 _ Geologic Formation _1 

Bonom 33 Feet 

. Inches Length. 

Gallons per minute at 

-Feet 

Feet above surface 

Feet above surface 

RsOCRC OF TEST: Date Yield. Gallons per minute 
SarJe water level before pumping • Feet below surface 

Pumping level _ feet below surface afier hours pumoing 

Cra*„rwn Feet Specific Cacacity Gait, per min. per fx. of drawdown 
Hew pumped How measured 
Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type Mfrx. Name 
Casae-iry 

Deer. of Pump in well 

G.P.M. How Driven ' >i.P. 

" Depd of Footpiece in well 

R.P.M. 

Deer*, of Air Line in well _ Feet Type of Meter on Pump 

USED FC R monitoring 
AMOUNT 

f Average 

Size. 

Feet 

-Inches 

QUALITY OF WATER 

Tare 

LOG 

^ Maximum. 

Sample: Yes. 

Gallons Daiiy 

Gallons Daily 

cescriotive 
Odor Color. 

_ No 

Temp. _ °F. 

(dm a'Ml a* of arwrt or «i moemt, meet ,1 ,Wie m#ot, 

SOURCE OF DATA Woodward-Clyde Consultants 

Are samoles available? ^es 

DATA OBTAINED BY Woodward-Clyce Consultants 
Date 16 Jan 81 

,, A-176 
(NOTc: Use other side of wis sheet for sort*. .tation such as log of msteriais penetrated. 

anetysis of the water, Keren mas. ixetch of aecta/ casing smnyemena. etc J 
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J. E. FRIT7S & ASSOC. INC. 
Joo No. "7?C " 

.05  ' c— i t  d? T a r̂ - ( 

Sixes Oaror-. used is 

Grc-.nc Suf-'ace mis boring is 

f'r r/L 6**, "/ 2-

rS\rtA T« 6. 
r r " n . Z  r i {  I T  r 7  

G<ouro Surface to 

Water >evei is.^_ 

Water level is—_ 

.ft. below Ground surface at completion. 

_ft. below Ground surface__ A_1?y i. after completion. 

Coring stooped by. 
Boring No. 

fe 



OWR. -:3 O 

1. OWNER 

FOR MONITORING 
PURPOSES ONLY 

CPS Chemical Company 

STATS Or NEW JERSEY 
OEPARTMENT OF ENVIRONMENTAL 'RCTSOTION 

DIVISION OF WATER RESOURCES 

5 3 .  2225 
PERMIT NO. 

APPLICATION NO. 

WELL RECORD COUNTY. Middlesex 

AODRESS 
P.O. Box 162, Old Bridge, NJ 

2. 

3. 

4. 

5. 

6. 

Owner's Well No. 

LOCATION 

SURFACE ELEVATION 
(AOore mttn MI /eve/; 

DATE COMPLETED 15 Aor 81 

DIAMETER: Top. 

CASING: Type _ 

SCREEN: Type _ 

10 . inches Bottom 

DRILLER J-E- Fritts, Co. 
10 

Sch 40 PVC 
. inches 

Diameter 

TOTAL OEPTH. 
55.5 

Range in Oepth I 
Sch 40 PVC. 0.020" 2 

Site n f  Opening Diameter __ 
45 

Tnn Feet 

Inches 

Inches 

Length 

Length 

45 
10 

55 
Bottom Feet 

Geologic Formation Pari tan 

Tail Piece: Diameter. . Inches Length. 

7. WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at 

.Feet 

Feet above surface 

Feet above surface 

8. RECOROOFTEST: Date Yield. Gallons per minute 

Static water level before pumping • 

Pumping level feet below surface after __ 

Drawdown Feet Specific Capacity. 

Feet below surface 

_^___ hours pumping 

Gals, per min. per ft. of drawdown 

How pumped How measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Capacity G.P.M. How Oriven H.P. R.P.M. 
Depth of Pump in well 

10. 

1 1 .  

12. 

13. 

14. 

Depth of Air Line in well ___ 

USED FOR monitoring 

Feet Depth of Footpiece in well 

Feet Type of Meter on Pump _______ 

AMOUNT 
( Average 

Size. 

Feet 

.Inches 

QUALITY OF WATER 

Taste 

LOG 

^ Maximum. 

Sample: Yes. 

Odor. Color. 

- No 

Temp. _ 

Gallons Daily 

Gallons Daily 

°F. 

descriptive 
fC/Ve atisih on Oecir of meet or on MM/SIS snoot H e/ectne log ww meoe, preaw fumitfi eooy.) 

SOURCE OF OATA v/oodward-Cl vde Consultants 

Are samples available? yes 

DATA OBTAINED BY Woodward-Clyde Consultants Date 
15 Apr 81 

.Feet 

-Feet 

.Feet 

(NO TE: Use other side of this sheet for edd ^ ^ ̂  ® motion such as log of materials penetrated, 
analysis of the water, sketch map, sketch of special casing arrangements, etc.) 
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3 ACC 

*ed Oaturr. used is 

;-3und Sur*a« this boring is 

Ground Surface to 

Water level '<%. 

Water level is 

Bering stooped by. 
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cr— CAP-
' *C 

1. C WM a 

FOR MGNITOF.ING 
PURPOSES ONLY 

CPS Chemical Company 

stats op new jsassY 
OE. AflTMENT OF ENVIRONMENTAL PROTECTION 

OIVISION OF WATER RESOURCES 

o 2S-72212 t ;  
28-12226 

PSS.V1IT NO. 

APPLICATION NO. 

WELL RECORD COUNTY. 
Mi dd1esex 

2. 

3. 

4 .  

5. 

6. 

Owner s Well No. 

LCCA~10N 

w c c -  l l d  
ADDRESS 

P.O.  Box 162,  O ld  Br idge,  NJ 

SURFACE ELEVATION (AOovt mtan tat .avail 
DATE COMPLETED 

OlAMETER: Too 12 
CASING; Type. 

SCREEN: Type. 

16 Aor  81 

. inches 
Sch 40 PVC 

Bottom 

DRILLER J-E- Fritts, Co 

10 
- inches 

Diameter 

TOTAL DEPTH. 71.5  

. Inches Length. 

Range in Depth { Bottom 65 
Feet 

Feet 

Tail 'iece: Diameter, . Inches 

Geologic Formation 

5 

Rar i tan  

Length. 

WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at 

-Feet 

Feet above surface 

Feet above surface 

8. RECORD OF TEST: Oate Yield. 

Sat- water level before pumping __ 

Pur-sing level feet below surface after __ 

Drawdown Fe„ Specjfic 

Hew pumped 

Gallons per minute 

Feet below surface 

——- hours pumping 

Gals, per min. per ft. of drawdown 

How measured 
Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Tvtw 
Mfrs. Name 

Capacity H.P. — G.P.M. How Driven ' 

—— Depth of Footpiece in well 

Cectr. of Air Lin. in well Ft#t Typ« 0, Maw on Pump 

Decn of Pump in well 
R.P.M. 

Size. 

10. 

11. 

•2. 

13. 

14. 

USED FOR monitoring 
AMOUNT 

QUALITY OF WATER 

Tare 

LOG 

(Average _ 

Maximum. 

Sample: Yes. 

_ Feet 

Inches 

Gallons Daily 

Gallons Daily 

Odor Color. 
descr ip t ive  

IO'»a Qttti/s on Ate* a/ufam, fTT-f.,- .ftlMrrr- , ——- „ Are samples available? rarest meet /r tlaernc log was mtoa, plasm furnish eooy.J 

SOURCE OF OATA Woodward-Cl vde Consultants 

DATA OBTAINED BY Woodward-Clyde Consultants ]g Apr 81 

- No 

Temp. _ °F. 

yes 

Date 

(NOTE: Use other side of this sheer for addition* A"18° en moh as log of material, penetrated, 
analyst, of the water. Xetch map. Search ofveeiaI cavng arrangements, etc.) 

.Fee* 

.Feet 

Feet Sen 40 PVC. 0.020" 2 
Size of Opening Oiam.ter inches Lencrh 10 

Top 55 



o 
J. E. FRIT7S 4 ASSOC. INC. 

P lAJCC~ I2.rri 

JOONO ,Z2££kl£3-

Ground Surface to 

Water level •* -

Water level i—— 

Bc-ng stopped By. 

h. Below Ground surface at completion. 
hr«. after completion. 

— ft. below Ground surface Boring No JZ- J*2. 

A-181 



s:v- :.v*. r:3 
' • CJ 

0 

1. OWNER 

FOR MONITORING 
PURPOSES ONLY 

CPS Chemical Company 

STATS OF NEW JERSSY 
DEPARTMENT CF ENVIRONMENTAL F90TSCTICN 

OIVISION OF WATER RESOURCES 

0 :2212 
23- i2226 

PERMIT NO. 

APPLICATION NO. 

WELL RECORD COUNTY. Mi colesex 

Owner'; Well No. ^C- 12.11 

LOCATION 

ADDRESS 
P.O.  Box 162,  O ld  Br idge,  NJ 

SURFACE ELEVATION lAOort mean taa ava/i 
3. DATE COMPLETED 79 Aor 81 
4. DIAMETER: Too. 

5. CASING: Type _ 

6. SCREEN: Type _ 

10 . inches 8ottom 

DRILLER J-E. Fritts, Co. 

10 
Sch 40 PVC 

_ inches 

Diameter 

TOTAL DEPTH. 56.5  

Sch 40 PVC 0 .020"  2  
Size of Opening Diameter 

Range in Oepth { 

. Inches 

. Inches 

Top. 45 

Length. 

Length. 

^5 

10 

Bottom 55 
Feet 

Feet 
Geologic Formation Pari tan 

Taii Piece: Diameter. . Inches Length. .Feet 

7. WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at Feet above surface 

Feet above surface 

8. RECOROOFTEST: Date Yield. Gallons per minute 

Static water level before pumping 

Pumping level __________ 

Drawdown ' peet 

feet below surface after 

Feet below surface 

hours pumping 

Specific Capacity. Gals, per min. per ft. of drawdown 
How pumped How measured 

Observed effect on nearby wells 

9. PERMANENT PUMPING EQUIPMENT: 

Type ' Mfrs. Name 

Capacity H.P. 
Oepth of Pump in well 

Depth of Air Line in well ' 

'0. USED FOR monitoring 

G.P.M. How Oriven ' 

Feet Oepth of Footpiece in well 

• Feet Type of Meter on Pump _____ 

R.P.M. 

AMOUNT 
f Average 

Size. 

11. QUALITY OF WATER 

Taste 

^ Maximum. 

Sample: Yes. 

Feet 

Inches 

Gallons Oaily 

Gallons Daiiy 

12 LOG descr ip t ive  

Odor Color. 

- No 

Temp. . °F. 

(Glue Mailt on back of moot or on taeoran moot If aiaethe 109 MI mono, piooto fumitn coey.J 
13. SOURCE OF DATA Woodward-Clvde Consu l tan ts  

Are samples available? ^es 

14. OATA OBTAINED BY Woodward-Clyde Consultants 
Date 22 APr 81 

-Feet 

-Feet 

-Feet 

(NOTE: Use other side of this sheet for additio. A"182 lion such as log of materials penetrated, 
analysis of the water, sketch map. sketch of special casing arrangements, etc.J 



0 -••fit: i. 
W0i-I3m 

r. J v-
-Xj/ , >;> C-~ 

v- j/ ^ ... 

J. E; FHITTS 4 ASSOC. INC. *5rr£ Ctl fC% Joo No>CZ—- *— 

.-<• 

Ground Surface to 

Water level « 

water level is 

Bonng stopped by. 

. KminM Ground surface at completion. 
.ft. below urouno hfl. atter completion. 
.tt.Jtelovr Ground suHjee*— 

•' A-183 

• - .Coring•NO-' 



C'.VS- 1:  I  

•M & 
0 

1. OWNER 

FDR MON'JOFJNG 
PURPOSES ONLY 

CPS Chemical Company 

STATE OP NEW .iSRScY -V 
DEPARTMENT OP ENVIRONMENTAL PROTECTION 

OlVISICN OP WATER RESOURCES 

23-12226 
PERMIT NO. 

APPLICATION NO. 

WELL RECORD COUNTY. 
Mi ddlesex 

P.O. Box 162, Old Eriace, MJ 

2. 

3. 

4 .  

5. 

6. 

Owner'! Well No. 

LOCATION 

WCC- 12m 
ADO R ESS 

SURFACE ELEVATION lAOOrt mttn tot itvtl) 

DATE COMPLETED 20 Apr 81 

DIAMETER: Top. 

CASING: Type _ 

SCREEN: Type _ 

10 . inches Bottom 

DRILLER J-E- Fritts, Co 
10 

Sch 40 PVC 
. inches 

Diameter 

TOTAL DEPTH. 
55.5 

Range in Depth [ 
Sch 40 PVC. 0.020" 2 

Site of Opening ___ Diameter ___ 
44 

Top Feet 

. Inches 

. Inches 

Length. 

Length. 

44 

10 

Bottom 
54 

Feet 
Geologic Formation Raritan 

TaiiPiece: Diameter. Inches Length. 

7. WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at 

.Feet 

Feet above surface 

Feet above surface 

8. RECOROOFTEST: Date Yield. Gallons per minute 

Static water level before pumping • 

Pumping level feet below surface after 

Drawdown Feet Specific Capacity . 

Feet below surface 

hours pumping 

Gals, per min. per ft. of drawdown 

How pumped Hpw measured 

Observed effect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type —! Mfrs. Name 

Capacity G.P.M. How Driven H.P. R.P.M. 

Depth pf Pump in well 

10. 

1 1 .  

Oepth pf Air Line in well __ 

USED FOR mom* to ring 

Feet Oepth pf Footpiece in well 

Feet Type of Meter on Pump _____ 

AMOUNT 
( Average 

Size. 

1  
QUALITY OF WATER 

Taste 

Maximum. 

Sample: Yes. 

Feet 

_____lnches 

Gallons Daily 

Gallons Daily 

12. LOG descriptive 
Odor. Color. 

No. 

Temp. _ °F. 

13. 

14. 

(Giro Mailt on bock of t/ioot or on apnn moot. If electric log wot moot, flout fumith ecoy.J 
SOURCE OF DATA Vloodward-Cl vde Consultants 

Are samples available? yes 

DATA OBTAINED BY Woodward-Clyde Consultants Date 20 Apr 81 

.Feet 

.Feet 

.Feet 

(NOTE: Use other side of this sheet for addition A-184 
ene/ysis of the weter, sketch meg, sketc. 

ion such es log of meteria/s penetrated, 
I easing arrangements, etcJ 
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:,zr~\ ;wr. :23 
• '0 STATS OF NEW. 'SASSY O  

DEPARTMENT OF ENVIRONMENTAL PROTECTION 

FOR MONITORING °'"™ 
23-122:5 

PERMIT NO. 

APPLICATION NO. 

1. OWNER 

PURPOSES ONLY 
CPS Chemical Company 

WELL RECORD COUNTY. Middlesex 

Owner't Well No. ^CC~ 1 5m 

2. LOCATION 

ADORE5S 
P.O. Box 162, Old Bricce, NJ 

SURFACE ELEVATION lAPovt mttn at.tvtil 
3. DATE COMPLETEO 

4. DIAMETER: Tooinches 

21 Aor 81 

Bottom 

DRI  

10 
LLER J-E. Fritts, Co. 

. inches 

5. CASING: Type 

6. SCREEN: Type 

Sch 40 PVC 2 
————— Diameter 
Sch 40 PVC 0.020" 2 

Site of Opening Oiameter 

TOTAL DEPTH. 51.5 

Range in Depth { 
. Inches 

, Inches 

Top. 38 

Length. 

Length. 

38 
TO 

Feet 

Bottom 48 Feet 
Geologic Formation Pari tan 

TailPiece: Diameter. . Inches Length. 

7. WELL FLOWS NATURALLY 

Water rises to ______ 

Gallons per minute at 

-Feet 

Feet above surface 

Feet above surface 

8. RECORD OF TEST: Date Yield. Gallons per minute 

Static water level before pumping . 

Pumping level — feet below surface after _ 

Drawdown ^ peet Specific Capacity 

How pumped 

Feet below surface 

—_ hours pumping 

Gals, per min. per ft. of drawdown 

How measured 

Observed effect on nearby wells 

9. PERMANENT PUMPING EQUIPMENT: 

Type ' ' Mfrs. Name 

Capacity H.P. . G.P.M. How Driven ' 

—— P®** Depth of Footpiece in well 

Depth of Air Line in well _____ Feet Type of Meter on Pump _____ 

R.P.M. 
Depth of Pump in well 

0. USED FOR monitoring 
AMOUNT 

f Average 

Size. 

_ Feet 

Inches 

11. QUALITY OF WATER 

Taste 

^ Maximum. 

Sample: Yes. 

Gallons Daily 

Gallons Daily 

12. LOG descriptive 
Odor Color. 

- No, 

Temp. _ °F. 

(G'M Mailt on tack of mat or on aovta mat. It tltcthc lot wot mtat, pitta tumiiti copy.! 
'3. SOURCE OF OATA Woodward-CIvde Consultants 

Are samples available? ^es 

14. DATA OBTAINED BY Woodward-Clyde Consultants 
Data 21 Apr 81 

.Fee: 

_Fes: 

(NOTE: Urn other tide of this sheet for edditia A"186 i tion such as tog of meter,els penetrated, 
eneiysit of the weter, sketch map, sketcn or vtciei casing arrangements, etc.J 



APPENDIX E 
BORINGS COMPLETED FOR MADISON INDUSTRIES 

A-187 
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29-30 Hard pane Shut-downs- 2/72, 5/73 

coarse sray w4ter 8«d 

No. 9 Existing- size 6", depth S7• , s.s.sceeen 10' 

L°S' 10-23 1ifghtyjiiyWsISdd Installed 1912 
•  23-30 clfy wiih snaM , J.eplaced- 7/t<0 ,6/43  ,U/£3 
30- 57' 10" gray water sand11 S^ut-^^-2/72, 6/73 

57' 10" - clay 

~°- 10 E>£isti"S- size 8", depth 6 1 ' ,  s.s.screen 1 5 '  

l!?1 lol" B[rnBrnnd/n5 Sravel Installed 1911 
t2-»7 white I'yellow^la^" WrUt8 7^/5 ,1957,1553 
U7-«5 r,--- * -L-LOW ciay Shut-downs-2/72 .s/73 

No. 11 

6s"n li^bro™ sand Shut-dow— . S / t i '  
65-71 White sandy clay 

-x_swing- size 6", depth 52', s . s . screen 15' 

L°g' ° 13-15^Graj/sand" *"d lns^Ued 1911 
15-19 gray clay • Replaced 1952, 19S3 
19-27 Brown sa£d - gravel Snut-downs 2/72, 5/73 
"-to gray sand S 5 "ater Sajtola 1/:/^ 
40-1+1 gray clay rn w 3' 155 ?°" 
*+1-46 Brown sand S 3 J? 5-5 

«- SI- •" gray olay . «;§ 
Ca Hard. 26^0 

A-209 Chloride- 5 0 Alk.M.O. s 5 
Free Carb.Acid(CO2) 69.*5 



* •  W •  ± J 
- - -s—ng-  S ize  5" ,  depth  50 '? ,  s .s .sc-«-  3 »• . - - )  

A0?Sci: S ssr-  - - a - , - - - ,  - - - -
0  — 2  Gr - "e"  > - . .a  — — _ 
9 -11 s lnd"  "  S"" *  '  ^5? l£ce- -  - /2 /51 ,  6 /27/57 

I - -1S sane,  c lay  6 g raveI  -^u t -ccwr .  2 /72,  5 /72 

1? IT  sanc» wood S c lay  
-o  sane 

I t 'l l  sand s  c l ^y  ba l ls  
? !  .  «  sand ?yr i t«  «  c lay  
35-40 coarse sand 

So ls?  "a rse  sand 5  c lay  ba l ls  
50 , 3rn. sana 5 clay balls 

"3® muddy sand S clay 

N'°" " "isting- site 10", death 38'* 
screen L=21' Renwli ??"r 7° 193<i 

rep laced-  19 o4,  1940 

NO LOG 
p2^ /70"  b i l led  wi th  i ron  

-a chi!e jelly-Sound 
to  38 -6  S shut down. 

A-210 
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5 

^WB-RAN ENGtCEF 
3 COMUIINi HCMIB 

iNG Itest boring log 

Iboring NO. >- S 

PROJECT / A1 4 0 Ko /V rt(Jai J 5 ^ f „ '• " 'V 1 SHEET NO. 1 OF 
CLIENT <rPS /  ^  *  L i £ $ /V I JOE NO. c <- i 2 <o 
SORINC CONTRACTOR: -•/ {  — **  u _ / »* I ELEVATION 
SROUNO WATER MUf! WIW TUEE DATE STARTED - < -
DATE TIME WATER EL. SCREEN TYPE •^u  1DATE FINISHED ' • • - • . -

. - •; 2 ,;.AI . - < « m.T\ ~2.1- f1- OIA. DRILLER - - J -
WT.  1 INSPECTOR . /v/ /.-< 

FALL 

W E L L  
CONSTRUCTOR 

*». 

J T 

10 

SA MPLS 

no. TY*f I 
• INCH 

C L A S S I F I C A T I O N  REMARKS 

& S r e £  T 5  

£ O \ L  C I Q S S l F K A T ^  

W-L.  

rgtrt L DfrTt f  

•• 



WVSVWN B^GNRNG 
\ A ^ COCULIWG EMjPCB5 

->5 / 

TEST BORING LOG 

Ibor ing  NO.  ^Lv- —L. 
PROJECT U'Jm - r K. r 1 ft-r- O »»• I SHEET NO. OP — 

CLIENT ' 3S / J » I JOS NO. Ofc3 2b r/«r 
I ELEVATION' ~~~~ BORING CONTRACTOR ! /m"'"1 I '"<££**• I * i ^ fit- ** G 

CAS. SAMP COiiBTTUB£ [PATE STARTED GROUNDWATER 
DATE Tiyg WATER EL. SCREEN TYPE iii 

Z. " 
PATE FINISHED , * - ; v - •» a 
DRILLER f* i'. ^ MM. C i - { i » > DIA.  *•  ̂ - •« 

-  _  ^ ,  ,  « ' * < . -WT [INSPECTOR 

FALL 

WELL 
CONSTRUCTOR 

•L 
<• 

* = 

S A M P L E  
ss HO. rypt 1 ILOWS HCH • INC NO 
••0 

• • #  

••0 

• • #  

••0 

• • #  

••0 

• • #  

••0 

• • #  

••0 

• • #  

• / Cf 1 , l». 
• / It '-t 

•10 •10 •10 

2. ss g > ' ̂ 
'*1 " 

• l« • l« • l« 

• z SS • \ , 1 * , 
• z SS il Lll 

•to •to •to 

• 1 ss • 1 ss 17.-3© 
•it •it •it 

• if ss /7,/f • if ss tj'li' 
to to to 

• i a l», AS, 
• i a ztl> 
•M •M •M 2i Mi, 

> 7 ss 2i Mi, 
> 7 ss TO ""V 

J.40 J.40 J.40 

8 ss J.V 8 ss 
•41 •41 •41 

C L A S S I F I C A T I O N  REMARKS 

fan { r 

i;*L' Sitr , +'«« 
1 

x-flw / 0/4 ^ 

,,(VU "» S t f *  

r«<J fi<- SA"*, [,,r< 

? -f»>K 

r\d"j*Pl 

^ s Lt 
J 4»€ 

NA41 ^  

DfftSjf 

-  'Wi ,  

- /••'«. r *.**• 
7 .. — 

.""f K<* 

A-212 

vV-L.  

, silt l CLA\ 
r rc i *>$<*A- .  

H-f 6r*- \  t''*»««« • 

2 . . ib j tLf t l  
4 f 



TEST BORING LOG 

BORING NO. > 

PNOJCCT < PS / m/~* ^ - Ser/\ . f ***'; • A"' SHEET MO. 2. Of 

CLIENT • ^ : / / t )4A/ j tv  JOB MO 

I  

I  

I  

I  

1  

I  

VCLL 
COMSTBUCTDN !* t 

41 

X 
,1 

=1 
i 
* 

rt 

SAMPLE 

Hft 

1 

TYff 

<rs 

•LOVtI 
• i new 

-/L. 

0 ft 

C L A S S I F I C A T I O N  

*v 

s . ct 

, A »v 'J 
laAy'^ - ' * < < •  

t <. * j •»<• V 

£ Si 

L .s*S£» 

TctAL DfFTW SM'H' 

A-213 

SIMASKS 

2.' i-1-
;  ,  q  4 % r  

W OO 



WEHRAN B^GTCRNG 
CO»OU.tHG CNG0CO5 

PROJECT ^>S / /v\A a.' z : 
———. , * - ;a. - _- :< 

CLIENT PS I 

.  r  ^ne iV '  ~ ^ ** 

TEST BORING LOG 
BORING NO. 
SHEET NO. OF 
JOB NO. 

BORINS CONTRACTOR : />•••"«•>" /***"> ,t >.L' <v < ELEVATION 

SROUNO WATER CAS. SAMP CORE TUBE DATE STARTED 

DATE 
T- -?3 

TIME 
,i f*. 

WATER EL. SCREEN TYPE J"* OATE FINISHED "• -s 

/ » /  7 ;  ?r l  DIA 
WT.  1^0 e» 

DRILLER ^ c 
INSPECTOR ^ ' 

FALL 1" 

SO 

S A M P L E  

HO. TTHt SLOWS I 
• INCH 

ss 

ss 

ss 

k-JL 
2̂ L 

±s+ 
lO I ;  

>Va»3i  

gtil 

C L A S S I F I C A T I O N  REMARKS 

S ft N D 

<L f^C $A+J£> 
l ,H( t -S- .L+ , 1r £""^ 

; ucC 

fc.<' i'a*'0 

h«*O l  t  y ic r "  

^ (iVU 
C1 f  €'***(  

' • ' L. ~~ C t *> i  t  S '<- f  

~ 1 "-"L 7 >^g3C*y \  

v Z. 

T®TAL ^ePTrV . i f -0 '  
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I 
I 

WEHRAN ENGls®NG 
CO«al»<G fNGOABR 

EST BORING LOG 
ORING NO. Dw-3 

CLIENT C ?1 / /rt *4 O i S O ̂  

SHEET NO. I OF I 
JOS NO, OUIIC. 
ELEVATION SOWING CONTRACTOR tyi ^ 6. •• • f 3 ^ ** F 

CAS. SAMP CORE TUB? GROUND WATER DATE STARTED - -3 • < * 
lATE FINISHED *>• i - i& DATE TIME WATER E~ SCREEN I  TYPE > i 

DIA. IRILLER I',*. < — 
WT. mo* INSPECTOR 

PALL 

WELL 
CONSTRUCTION 

V 

4 
J 
**4 

V  

'•H 

k 
* 

* 
V 

V 

V  
V 

7 ;  
1 

V :  
u  

Ha V  
u. i  •  ¥ 
Vj ^ • 
CO k  •  

V  
L 
a V  
\ ^ .  

k .  
* 
* <4 

k V -
£ V ;  

V -
V-

:= 
o 

SAMPLE 

HO. 

i 

TtHf •LOW* a«H 
• IMC NO 

1*11. 

1̂ -
LJL 

ii.» 

iLZl 

» 1, 
2-1 

C L A S S I F I C A T I O N  REMARKS 

S * f* C> 

o / ->  • \  i *• •« 
\ 

AL 

S*~C> 

m^f  P" 5^« .wc l  T '«cc  S iC^ 

w \ \t if> >v 

r r "  * t  * r  

1*3_ 

±l2. 

^ U I  
? •  » >  

*/<> 

saa^  t  ; *w 

t  J.Ct "  ^  '«< C '  

TOTAL.  T>g?TV\  
"i* 
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wyg WB-RAN ENGM53NG 
\/\JEj COMUINiHCMB 

rEST BORING LOG 

ORING NO. 
PROJECT- J  -.-••< ' /V  IHEET NO. 1 OP 
CLIENT:  /  /»A</J /J» /V KM NO. - c . c -J ¥ 
SOP INS CONTRACTOR: £7W/ / /P  > '  : ^rc/ - c/A/6 "  LEVATION 
GROUND WATER CAS. SAMP TU«« lATE STARTED ; ; • •; • ? » 
OATE TIME WATER EL. SCREEN TYPE v-oS A .. ATE PINISHED 

— • j O -:«J -IT. - ; •• i 1 DIA. t . i<  TO FILLER /•" • < t <f m ~ 
• T. NSPECTOR o <2 r^y 
PALL 

WELL 
CONSTRUCTION 

90 

M 

«0 

S A M P L E  

HO. TTHf •cow* «tw 
• iwew«" 

C  L  A  S  S  I  P  I  C A T I O N  

-a 

TOTQi. 

A-216 



WEHRAN BMGTG3NG 
COfiUinNG BOCBB 

TEST BORING LOG 

BORING NO.P^-3 

PROJECT I SHEET NO. I OP 
CLIENT ^ ? S i /*a?3< io*S 
SPRING CONTRACTOR- f * ' i T c c * " l t *  

I JOS NO. s^HL "fC 
(ELEVATION 

0 ' • 4 - 3 Ij GROUNO WATER 1 CAS. SAMP. CORE TUBE [OATE STARTED > 
DATE I TIME WATER EL SCREEN ms. r J" DATE FINISHED /* " i r* 

DRILLER «->«•  J ?>U <•**<. * A - /</ DIA. 
WT. / « » 5  INSPECTOR 

WELL 
CONSTRUCTOR 

+ * 
c 
t T 
' * 

-v 

- >+l 
r vi • *• 
t- <\ 

V 
L 

NJ 

ts 
I-

o 

v 
* 

Cw 

5 
3 
0 
* 
* 

J 

o 
-v 

10 

>0 

M 

M 

SAMPLE 

MO. TTMf 

O* 

•COOS I 
• INCM 

H 

FALL 3* 

TZ i 
ss: 

C L A S S I F I C A T I O N  REMARKS 

^L_2_ 

 ̂ <R A/D 

l^E FE^ TO OW-1 F°G* 

So iu  CLASS \  9 \C AT vo  ̂  

JbJ.L. 

(< • L 3<2*VW ^>n 
7 i l l * * ' *  S i , — /| 

'  - f t i  F  f " "01  i  +  "  •C 

n'C- t *  
« 0 l w ^  

- . f -TJA/  v „  —l i *  *  _  
w l i ( .  _ . ; r  ' * * -  '  -  ~  
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ENGMRNG TEST BORING LOG 

BODING NO.  y^ '3  3  

pwo^tcr • : as i/**Di5oo/ n-ps r/ SHEET MO. or ^ 

CLIENT • <•?{ / /»*D JO* NO. < * - -a -* -C 

WELL 
CONSTNUCTCN 

V 

3 
* 
* 

& 
8 
41 

NO 

A A A  
A i A 
At A A 

A \ A  
A wi-jA A> 
A * * A 
A A 
A^ A A 
* A 

A A A  

4* 

TO 

?• 

SAMPLE 

Ttn aiowa i 
a ikm 

/* 

/ /  

il 

/J 

4 

X5 

XJ i*a> 

r; 

SJ 

/l, ~>* t 
1L2L 

il,)*, 
0,>0 

fc» TT 

1ALL 

JI , ^ 

C L A S S I F I C A T I O N  REMASKS 

: a ** >j 

/}"/) 

/ J t iU  f  ,  
/>•«£<.  '  Si 'c+*  ^  

/ 

A' • <*»« 0 1 4, 1 /* 

i  l? , r  f f4«< p *  f  A^C> ,  

^•A«. wk*vT(r CLA^< V rAl-T -to 
Cv C.U *<< 

£rvO U75 >|.o' 
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WBRAN ENG*6RNG 
COMUKMMIMS 

EST BORING LOG 

ORING NO. -
PROJECT IPS i  'RdSi joA/  A+ f lwg^cOUT' .^V SHEET MO. I 
CLIENT J. P 5 / /H *9 Q ije A/ 
BORING CONTRACTOR F<w i fioNrtttf* i. 

JOB NO. -tr 
ELEVATION 

GROUNO WATER CAS. SAME CORE TUBE DATE STARTED tzt 
DATE TIME 

>3. Ai • 
WATER EL. 

•? TO 
SCREEN 

j-.1l - ;>'1| 
TTPE -j <• 

DIA. 
DATE FINISHED «T 

« • • J ^ «P DRILLER - j (•'•j 
WT NtPECTOR . t f i •. • i, 5 < 

PALL 

WELL |« f  
CONSTRUCTON 

rO 

10 

It 

to 

tt 

so 

40 

40 

S A M P L E  

MO. TYPC •kO««I 
• lacM 

C L A S S I F I C A T I O N  

?.EFE9.  To  

DW - L\ £> 

3 9 \ •— 

-roXAL D £PtU 
' 
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TEST BORING LOG 

BORING NO. > 

PROJECT : 3S / mflDLSof < iQU;r?K I  SHEET MO. I Of 
CLIENT > OJ I /wifl |JO§ MO. .-»*• 

WW3AN BMGI^RNG 
COMUfM* (NGMflB 

BORING CONTRACTOR- en v< ftoi*r*f#'r*U "" r.-f"C»L J£. .  .  / v«  ELEVATION 
GROUND WATER CAS MBP, TUBE DATE STARTED • L - f 3 
DATE TIME WATER EL. SCREEN TYPE /- C A ^ IOATE FINISHED . -1 - *% 
,/ •. "J A-/""- 4- LF "S*— — *-< DIA. 2." DRILLER -••«. 

WT. mo* 1 INSPECTOR ; •''< 
PALL ;>? 

WELL 
CON3TRUCTON 

C L A S S I F I C A T I O N  REMARKS 

S* £> 

•V.L  

f*\ $4*/0 < +r«<. 

Si Cf 

t <«w Sa—D, 

- ?5 C t" 

-£r*t<. - >'"U-

i g" 

r ""Afj f 
^ - * •  / k /«_  »v  C-V 

<C,»w 7  ̂ S4*Oy 

^ o^v*C s { 

 ̂r «.v^ C ^ *7 4h i. v ^ 

« '«» • *•< 
* * ̂  <• <; L ̂  

•a*> , jb̂ j F* SAua, 
- •,» L. 

DJL*U< 

(  , ,»  ;« , „« /  r« l  

- f / -4C L  
^C. AS ^ 

• - <  

Siit 
y}<*  /•  4 .  

v Saf r 
"*" S'1 r ?«« C>««iC 



I  

I  COMUUMB MBNH 

PROJECT oS I or^ftb'.Safy -ft<a-.A.x"= cfe 

TEST BORINO LOG 

BORING NO. ^ W - M Q 
SHEET MO. 2. OF L. 

CLICMT < JOS MO. o > J lL-g-

VCLL 
COMfTHUCTDN 

<C ' 
v-. 

Q'"  
) 
V 
L-> 

it M » / , 

•AMPLE 

aa TW •LOVflI 
« «M 

ss 

itmt* 

TO 

TO 

TTT^nC" 
? 5 

C  L A S I I F I C A T I O N  •CMARKS 

Ci  CAS c .  

"TWflL DFPTH JL'H" 
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W&RAN ^iGrsa^G 
VLS COMUUMS (MSMSB 

TEST BORING LOG 

BORING NO. 
PROJECT ,'P5/ /nnDi io /v  ^e t teo \oT JH/  SHEET NOL 1 OR 
CLIENT c?5 / MfliMioA/ JOB NO. o !» "5 2 !o U-
BONING CONTRACTOR • F/*v\iLour*e M~*L. ~£"'-1~ M."V** ELEVATION 

1 GROUND WATER 1 K*J •SLT^I-y.: lix'l! < DATE STARTED »-i- - »a 
DATE TIME WATER EL. SCREEN TYRE US A DATE FINISHED" *-< 
«/ • • * .  ;b  4 . /M.  iJ a< DIA. L lS ' . 'O DRILLER AI. ZY»<V 

WT INSPECTOR " r./vftivi r' 
r 

' i FALL 

WELL 
CONSTRUCTOR 

SAN nc  

HO. 

} J 

V 
10 

to 

II 

90 

«• 

TT*f • COM I 
• IOCM 

C L A S S I F I C A T I O N  

Q.Z f To 

O w - S" O 

SOVV^ C.LASS\* \C*T\OtV/  

•il, 

T^THL 0f i=T l4  

r̂.r 
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•1 •A' T~ 

CXMTfVIM 

Vj Vn\C53U/ 

4")^ +vs 

J) ; '  ->>»/ -  r  f l«»5W^ O— 

./. Y>r"'9 * 

i f f  ">> »/«^» WfifO ©^. 

\ >*«.».? j _**'•' + 

f4*J»S ^ ' | '  d** - *  1*3  M>9? 

I ,+7.15">>v'+'' G»«iM,-s **" ®r""v*9 
UH5 *»w+-

/ 
> ,_-•«•/ O-L ^w'«»»9 \ 
4 * * * ™ -  h * J  

' JS"Z * 
OmtrJ  * )WJ 

o+-

\ *>* \091V 

» )3  
•+")'5 - f  3 *»°5  

\>*«9 c< - >">*-'V- +73 ">l^ 

I'onv5 N/~.»V 

0 /v & S 

N O I X V S I i l C S V I D  

; C L  

A r -m-r^'W O U0X31tftM| 
^*»> yniMIlt 

- - •  tM\k\i *XT6I 
? *  - .  ~  flll»wli liwfl Mft, 1UM UWWfc b9h U31VA ONnOUDl 

n\iLNa\*N*9lA»3 MOMUiHOO PHIXOB 
• *  v  w  '  - . . r m i - N j  )  f . i  i i i n v  

NOtXVMIl 
~—®)?:45 '6n W 

"35" I OM XllHtl ±L . - ' t !Wi  

/VQ?KI  b»U/  /  S i1  
~ *\r>C>"> tvo?y?qw / $<* 

^•A-^ON ONiaOBI 
901 DNiaoe 1S31I 

90MSMI SNtTVC^ 

3Nt»£»B NrtHM 



\AJEJ COMUUKtll !• 

HWJCCT Q<k i (4 Jj I ~ m < :"!Z2i*T: on/ 

TEST BORING LOG 

BORING NO.  [ )W'£  
•HCITMO. "2. Of 

rcuirr > Si I MA-C>i±*rV JOt MO. ?t*lZCe 

WELL 
COMtmUCTDN :? 

<*• 

^ -< 
t % 
: I' 

k- ; 
J '« '  

a  
- i - -

v«. 

(AMPLE 

NflL 

it 

Tm •IOVSi 
• 

55 

•? r> 

C 3 
UL 

C  L A I S I F I C  A T I O N  

A AS '_J 

fe-iy 
: "-I k f' ̂  

^ g-- A 

CuAy 
ciny i s»wT 

Tor^i. J)£rTtf rv 
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WBtiAN ENGMSRNG 
COMAIM. MSPflNI 

TEST BORING LOG 

BORING NO.  -  w-u  

PNOJCCT ?C •' ^ : <•/ -A"-": * - • - < /  

BOP IMP CQMTBACTOP' :7//• ̂  :/VA1F/i^L -'C-^'.rtL .-/'V6 
2PS A> *•> _ i -»/V JM NO. 

"* ' o* 

QBOUNO WATEW 
DATE TIME «*TKP EL 

ru 
JfiSUlL 

.1 »<>. 2. i-8° 

KJJ !»L]' Jlv .. lit1!:« 
ELEVATION 

rrn 
• T 

riDi 

BATE STARTED 
ATE FINISHED 

fifilkiJUL 
1SPECT0P 

) s 

'  _ f .  

I  

FALL 

WELL 
CONSTPUCTCN 

: > 
O 
tf • 
ft-

O: 
•2" 
<E' 

** ' 

# . 

f 
t •  •  

' »  •  •  

, 't 

r r -
, V •• 
• p\U- A 

X*. 

ao 

tt 

«a 

S A M P L E  

•nrn •LOWS < 
• IKK 

C L A S S I F I C A T I O N  BCMAftKS 

v £ ^ To 

^VaJ - Id O 

S"otL C. L^SS V.C AT voA/  \  V .  L  

-QTAI 

tv 
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WWlAN'ENGfOJWG 
Ws COfOUTOO INGMBB 

TEST BORING LOG 

BORING NO. ~/v - "> 
PROJECT / MQbtlVf i /  AQ UlPf f t .  KcWFD \Af\OAS SHEET NO. I OF •*— 
CLIENT y^S / AViaOlioA/' JOB NO. ou3Z. 
BONING CONTRACTOR f/Wlko#rt£#i«L "UCkmCAt .ClU.lsJ<A ELEVATION 

IGROUNO WATER 1 OATE STARTED 3- i- &*> 
DATE TIME [WATER EL.  j SCREEN TYPE rs OATE FINISHED -a -  a  -  4  A 

— it 4 n. ! /. .51- ! »< (frf - /r»* OIA.  i." DRILLER ^ <'AtS 
1 ! ! WT / uO ^ INSPECTOR D (^V-

' PALL 1 i -J®" 1 ! i 

WELL 
CONSTRUCTOR Jr 

S A M P L E  

MO. 

u 

10 

10 

*1 

M 

40 

•40 

TY»t 

ss 

•  lO«SI  
• IOCM 

1 J I . 
/•V ,'H 

C L A S S I F I C A T I O N  

5 A /VD 

yituu/1 5ftA4»<£" frtc 
fate. * S< C f .  + '«<•<.  ^  

tn. <8 

2/ 1?, 

Ifc.n 

(a T4.v 4 1 
) 

i *  * a .  .  
S9 > f 

l~? 2.Q 
lL*JL 

F*\C 
< h k̂. ? fr+vti j <'*<•<- S'CV / 
\ mgfttum/N / 

62AV^ pf]  £A*/& r '<e-t .  I" 
f  sect"  

<?**««< 3A«wf \ /  r ^c  

f*£f_ ' r &r**e\ '*<.(. *1 It 
D «•*&*. 

6&*S ?<*> SA*/D 

s t 

i f M V  f AA 
. / ' «< < S't-f 

5«Af  C i - r ty  

rm*.ve& / 
faZtQAV F^CTAVD, 

^ r*.c c. S r C/t 

t>«WS£ 

SlLf j ? Q','*-\ 

fAeo\a /s^  

• L 

- ' 

,-t-r^r -



WBHRAN Bs»Gls®MG 
CC»«1TMS I 

TEST BORING LOG 

BORING NOJm/-  ^  ^  

PROJECT ZPS I  / Id  D ISd lO / iQUlPg* .  fc f /MFJ IflTloV SHEET NO. 2 OF 

CLIENT • PS !  btsof iS JOE NO. 

I  

I  

I  

I  

I  

I  

WELL 
CONSTRUCT ON j* 

-L» 

v/ 

o 

* 

SAMPLE 

«a TTW* SLOWSW 
S IMCMtt 

8 SS ?{»! 

rs 

<0-- *  
k<(T> 

C L A S S I F I C A T I O N  REMARKS 

i r<—' ' "A r *•**<_ 
-  Or-s -C '^  

~ -rfivO . -

/I ' ' * * - 1 ' 
,' — e: ~ «• t r 

:u+ 
-f-n f i." MJ£ 

' '—| •  : ( r  

, U . - c, 

bemZ 
-total o PATH S' 
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WB-RAN e*3T®NG 
\A-S CCMUrNS (NGMOB 

TEST BORING LOG j 

BORING NO. C*>-r - ! 
PROJECT :?<: { Aj^DiSo/v douL\?ck SHEET Ml 1 W 
C L I E N T  :  -  ̂  / / v » X J / j , i o r V  J04 NO. &C.3 2.C. 
BOR INS CONTRACTOR ' /v»f .vr*Z_ ~£CUAJ\(AL J'U i/vff ELEVATION 

I GROUND WATER W&l-.! wi&'I! 4 DATE STARTED d 8 
DATE TIME WATER EL. SCREEN OATE FINISHED/'- • b 

/ J -Af  - /o . > Z> IH L1- -ffei. DIA. DRILLER " c-t-ja/ 
WT. MSP ECTOR ~ ^ c = r 

1 PALL 

I  

1  

I  

WELL 
CONSTRUCTON 

• -3 |  i 

i ^ -tb « , * 
*5 1 

i ! >J 
i * 
1 v 

! V 

V 

•? 
s 

10 

to 

• to 

' 4 0  

•a 

S A M P L E  

TY4f •10V* I • HON 
C L A S S I F I C A T I O N  REMARKS 

L>W-> D 

So\u  CLASS\^ \CAT\ON 

\ r f  L .  

TOTAL bE?T H 
2 TO'  

A-228 



WB45AN ENG*ffi3NG 
\Aj C0«UT»O WIPRflB 

TEST BORING LOG 
BORING NO.  ; v ->^  

PROJECT 2 ps //hali'.I/I/ N:/ic-Wi.5A/ SHEET NO. 1 OR -
CLIENT /M AO/.f 5/^/ JOB NO. ^ -  -  - r  
BORING CONTRACTOR rmtU ir//*E N<PL ELEVATION 
GROUND WATER KTT^HH- fJ T I JM K*£#~ J -SfciTTI OATE STARTED hi 
OATE TIME WATER EL.  |  SCREEN TYRE f y OATE FINISHEO - : If.u.41 I  j  ' 3 . i« - '  \«t .il- '< CL OIA.  X ' DRILLER /v , - -i ^ 

; ; i WT ! - • > ' '  INSPECTOR r - ' • " - - T : ' 
i FALL I  To : 

C L A S S I F I C A T I O N  

SAN £> 

bHU I 'Lk L°*s<-

•famnSiy 0C4W££" rWL SA^Q, 
hbll< P { j +<••<<. +" 

s ic+-
/V| £ C / U 

-TAH ftAC } ,  - r - T i ' C ^  

tiuil A-"0 rA«VD 

-favfrtSAfij 

"V» < pfAi. i A*>0^ 

S0lm  ̂ f ^ • I tf 
/ • *&,  rw> 

<£• f ^ r ZA«O, 
lillU. £ 6tv<\ ^r«<C T iCh 

r,»( 7^>i S*?b rr*cc~ 

?SlA{t 

^ .^ j i  tcAy ' ^ i . ^^SU'Y*  
/ 

•?/.« ( I'-yc /Awi r  _ " ' *a  - '  f  

*} A r JI -

C»C r  

jfrnjeii. 

3^  J i tTVjO-W 

0/«-» C '•*1'-
 ̂A / . />•! / f j ' 



W&flAN ENGt€EHNG 
coraaiK* 

PWOJECT = f'PS </*AL.' •"> *V A*U t K L ' r / fW 
CLIENT ' PS ( r* A O! Sofif 

TEST BORING LOG 

BORING NO. : // -
SHEET NO. 1 OP 
JOS NO. 

WELL se 

I  

I  

I  

I  

CONSTRUCT ON i! 
41 

u 

• r 

rs 

S A M P L E  

na Tt*f 

s 

•LOVtPO 
• ItCMO 

1* 
q , .3 

/; 
C. 

C L A S S I F I C A T I O N  HEMASKS 

- \L - 4 

. I L" 
.; n ̂  

— r«_oC ~ '*"M 

- f :( 4 rA 

' '  <  

T »*«v_  c > ^  s ' J  3 "  
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! CC 
. FOR MOKiTQRING 

PURPOSES ONLY 

'SNT Z -  J N V IK C S Y S N T A -  s o  
WiSlCN Cr NATES S6SCURC2S 

WELL RECCED 

pes v .7  sC 

APF'-ICAT:CN NC. 

M - ; "  a e 2 v  COUNTY: 

C?S C.eaical Ccr.oar.y 
^ n i  1.^ 

*•?*?*— 1 A 
Cwner's '.Veil No. * ** 

"AC OR ESS 
P .O.  3ox  152,  O ld  Br id re ,  ) 'Z  

SURFACE ELEVATION tpOO*« fr***n ms 4fti 

LOCATION 

C A T S  C O M P L E T E D  !  J a "  8 1  

6 
DIAMETER: Too ______ inchas 

CASING: Typo Scil 40 PVC 

Bottom 

ORILLER 
€ 

J.S. Friccs, Co. 

inchas 

Diamatar 

TOTAL OERTH. 101 

, Inchas Length. 
91 

SCR ESN: Typa Sch 40 of Qptning iil£5 ̂  Uiamttar ______ '.news 

Top — 

Langtf1... 
10 

Range in Depth [ Bottom 
101 Foot 

Geologic Fprnution. 
Saritan 

-Feet 

Swwa 

Tail Pi tea: Diameter, Langth. _Faet 

. WELL FLOWS NATURALLY 

Watar ritos to —— 

Gallons par minuta at Faat iboee surfaca 

Faat abova surfi 

L RECORD OF TEST: Ora Yield. 

Statie watar I mi bafora pumping • 

Pumping tart! -— f««t balow wrfaea af tar — 

Orawdown ' Faat Spaeifie Capacity 

Gallons par minuta 

Faat below wrfaea 

- houn pumping 

Gait, par min. par ft. of drawdown 

Hew pumpad How maaaurad 

Observed affect on neartoy wails 

PERMANENT PUMPING EQUIPMENT: 

Type Mfn. Nam# 

Capacity 

Dtpth of Pump in watt 

K.P. . S J\M. Haw Orivan * 

____ Faat Oapth of Pootpiaca in wail 

Oaoth of Air Una in wail _____ Faat Typa of Mater on Pump ____ 

R.P.M. 

Size. 

Faat 

J net as 

USED FOR monitoring AMOUNT 

. QUALITY OF WATER 

Tast* _______ 

LOG 

(Average _ 

Maximum, 

Sample :  Yes.  

Gallons Oaily 

_, Gallons Daily 

No.  

descr ip t ive  

Oder Color. Tamp. ®F. 

(Gi»a omit we wet •/ «'wi ar an moantt wet It «s«cnc lot aat 

woodvard-C1vde Consultants i. SOURCE OF OATA woocvaro .  t -xyew 

ves  
Art samplas availabia? -

fenuaft 1 

OATA OBTAINEO BY 
Woodward-Clyde Consultants Oata 

6 Jan 81 

A-231 
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; 
' • J. E. FRI775 & ASSOC. INC. 

1 — ™ - 4- ̂  . , *> 

r. .  /<  C.  • i  r  V  /T^. -r y/< J 

Wcc-1 i 
.03 NO. , 

so -atjrr. usee s. 

:.-c Suf-jce thu soring is. 

2 2 CLASSIFICATION F1CA' 

ID T *Ofl 

' .NO 0* 3C" 0*O«r« SOOON _ .  JS* •  
i  *•«©»• '  v 

5 i . t  < -  j jne  •  • >«  • -1  

: r S14 e/C //*£. Si*. 4 1 1 1 1 • I 

•  1 Z A A ^d 5- /  tf'/t /"I / 1 3 1 * 1 : *71 

B 7 '  / ^ ' i  7*  / *  i *  1 1 1 • ! \ ! 

• !//•>«* T"5 + CffrA i* £ 1 i** 2. 7'W iriFI/ii 

• 1 jAjfaaA*7<rC ujA-re* Mr *6' \S-3 AW / / ' I  7 \ 2. MLS i 
'J99\ SAAsd <-A / f i r t r / ' i  5 - IP I /OI  » o-* 

1 iH'Mi'X V 7 i 7- 1 - f -

?? '  1 i/if/?/ /SV/N#^ 5-6  *
*
 

c
?

 
_
^.

 
M

 

I
 

a . f f - : \  i 

I -frA&es 4/* €L a./ i .1 I f % 

£ /- v +# 4 y P/Ats %A**d W\3d' 1 io if 
•  •?'  1 i / t f ' !  * * / •  &'//*£ S 1 V A /1 •• 

• -f£ At 'AAMLL ^RKL/eL, 1 • • 1- • 

m'lU (Jf i  / , * /  j  ^/Aatf £AV/A ' 5 - f - m>\ MUZ fc'O 

i  / i * '  U i t  fAs  Amcyfre '  < - /0  W.ft'l V A.- l  ^  

1 JT-/; svt\sfu>\'t i F5" 1^ 
L - 1 

r t l t i /S // t i \ -  I f  Kv i 

1 1 ^ ft ^ /r^f f' /T i+'A'ttl 9 l * \ .S? /\ I 

I 
1 i '4ft *JL y < 'V /» i r  ̂ 2 '  r i i  r r i  

?»£> 1 '1 ufi&. ^ ̂- 5 f ̂V^^yrr/ 
# — * 1 1 1 «^. 

I  >•/; '  :  Ar  f  ' !  /  / "  7^  t  ̂  /; fo — 1 1 ! 

1 r j-T) - ; 7 *T . ' 9 1 -n WA 1 

•  *a' \  me'  \ f t * .  *u~iy /yjr* j* t r& jA e/ 
uvrf*: JA ̂  1 

• 1 1 f / ,  T ' r4  > 1 . ^ 1  i<A~ 

• ^5" 1 /09 ^V>c/ ^n. VLACJA t T — 

I <72 1 1 1 1 

m /017 <?**>/ <V7VU* /*{.**/ /JU /*U & 5 71 !^r 

• ! 1 
1 I- I" 1 

j'ouna Surface to. 

'.vater i«ve( >a^_ 

•'<a:e' level <s__ 

ft. usee . canoe. 

,n. betow* Ground surface at eontoietion. 

, H . 6e*ow Ground surface. A-232 
eomoisttoo. 

'So""? stoooea Ov. 

' %I" 

J & 
Boring No.. 



MONITORING 
FURPOSES ONLY 

STATs :: s j-v .;SS2T 
C;?AP  'e S ' T  Z f  S N V I S C N M S N 'T A ; .  ,SZ~ IZ  

,VISION Of WATsS aSSCURCSS 

WELL RECORD 

J ' "* ~ 
T:CN PsaviT\c. 

APPLICATION N O .  

ZCustv^: .esex 

CWNSR C?S C.u.e.T.ieal Conpany 
WCC- 2M 

AO OR ESS P.O.  5cx  152,  O ld  Er idce,  NJ 

C*ner's ' .Veil No. SURFACE ELEVATION 
tA90IV AJ #w;y 

CATS COMPLETED 20 JAN 81 

6 
DIAMETER: Toe, . inches Bottom 

DRILLER 

€ 

u . a . c TLCCS > C O 

.inches TOTAL DEPTH. 56-
•Ml 

CASING: Type Sch 40 PVC Diameter , Inezes Ltngth 4 5 
e-ae-K1 - Sch 40 PVCL .. . 0.020 2 SCREEN: Sits of Opening Diameter inches 

_46 
Geologic Formation. 

Length _. 
10 

Range in Depth 

I  
Too. 
Bottom 56 

Feet 

Feet 
Raritan 

_=< 

-Feet 

_2eet 

TailPieee: Oiameter. . Inches Length. -Fset 

WELL FLOWS NATURALLY 

Water rites to ______ 

Gallons per minute at. Feet above surface 

Feet above surface 

RSCORO OF TEST: One Yield. Gallons per minute 

Static water level before pumping • 

Pumping level feet below surface after _ 

Orawdown _______ Fan Specific Capacity. 

Fen below surface 

hours pumoing 

Gals, per min. per ft. of drawdown 

How pumped How measured 

Obtarved tffaet on naarby wells 

PERMANENT PUMPING EQUIPMENT: 

Type Mfn. Name 

Capacity M.P. 

Depth of Pump in well 

Oeoth of Air Line in well _ 

USES FOR OOPITORING 

GTAI. How Oriven ' 

___ Fen Depth of Footpiece in well 

__ Feet Type of Meter on Pump ___ 

R.P.M. 

AMOUNT 
( Average 

Size. 

QUALITY OF WATER 

Teste _______ 

1 Maximum. 

Sample: Yes. 

Feet 

Inches 

Gallons Daily 

Gallons Oaily 

LOG descriptive 
Odor, Color. 

_ No. 

Tamp. _ 
°F. 

tGim woi/i on Oar* of trtmi or on moorwrw meet, If tioeuic tot "m mom. 
SOURCE OF OATA Woodward-Clyde Consultants 

Are samples available? 
fanuaft ooorJ 

yes 

OATA OBTAINEO BY 
Woodward-Clyde Consultants 

A-233 

Oate 
20 Jan 81 

(NOTE: Um other tid* of tnit near for odditiont! info/motion ouch as log ofmonrioit ponotmod. 



J w CC-2m 

J. E. F3IT7S & ASSOC. INC. 
JOB NO. . 

_ 7 
\ < 

tec  _a : -n  usee i j .  
"7" 

• ;_-B Sur face :nu  acrmg . j .  

; :» -a  
CLASSIFICATION 

r 2M 
• TVN 

N«. 

1NO. 0' 20" 5'0«n <j« Sooo* fl KO^v " * * '  "  
c*e^  ;  T*  

CLASSIFICATION 

r 2M 
• TVN 

N«. i i t i "  |  J«« « ' • ;  J '«  i "  |  
3 

•* • • «M» 

tZ'\k'Ciji?\*.<r. 19 1 -TS, 
/•)' y/ '^ f  7U IV 1 

1 /.<•/*! > 

< - V  ?„> Li/'H 4' ! V /.I j=-> 

- -' 1 <£/•*. V C/^<€ * - r  r<r ' \ * t ' /S  n  7  2*  1 !  

1  1 w r "  l c - y z * e  o 1 *  1 1 \ 

-af  ̂  EUCK -fa >-^.v ̂ /crv^ s-t> Ss '  A \ 1 
I I e £KA,J S-J •?/'* V * H I 

V ' f i  / •  £1 9ft\ C /  
I 

• • 

<?•* ?<" VA'/Z/l **iA 
i 

.. 

H-h Lrv 9 ? \ U  C. 

f/' \S£*T?€, •>/*** SfLT>/ <->! <"T' * sr3«\ <> 
\ <*/*>,* sijudt 1 I I < 
i I i 

j 1 

! 1 i 

I r r '  2  <evc* Sc.'H 4* -
4 

J-J-
/ » ' 

* rr Ir Jt**s Vr>c 

î , y ' tj ̂  ^ ^ I • 1 i 

• 1 1  i 

• • ! ' I 

I !  1  
1 • .' - I 

I I 1 . • 
. • i 

. I A 
I * * • ! ! • \ 

I ' 1 \ 

j'Ouno Surtact to. 

va:«' :«v«* " 

. ' .a iv  evc i  t __  

(t. usad . easing. 

.ft. batow Ground surtsea at eomou A-2 34 

.ft. oafow Ground turtaee__.nn. aftar eomotation. 

'  •  •  6v. 

>5* .rV/ £ 

So.inf No. P 



"FOR MOKiTQRING 
PURPOSES ONLY 

s s w . - s j ; '  
s * '  ' 5 N T  3 ?  : V V '  =  C V M S S ' T i »  S B 3 7  

.IVISICN CP *A75S AESCUAC2S 

WELLssccao 

irr:c.N ^3.  
c  ' •  

APP'-IC-TICN NC. 

y; J J » 
eauMTv-—--SS5X 

c V t r a  C?S Chen ica l  Ccg.sar .y  

C«mer': .VEIL No. WC_- 33 

AOORE3S 
?.C.  3cx 162, Old 2rlire, N'j 

SURFACE ELEVATION 
m»#/l AA4 

CATE COMPLETED 6 Jan 81 
DIAMETER: Taa 
CASING: Tvai Sch 40 PVC 

Bottom 

ORILLER 
6 

W W  •  

. induce 

Diameter 
-----u _ Sch 40 PVC . 0.020 
SwRec.N: *"»» S»xa of Opening.-__ Diameter 

TOTAL DEPTH. 81 " 

. Inches 

. inches 

Length ^ ̂  c—. 
10 

Lancth •ett 

Range in Death [ Toe. 71 
Bottom 81. 

Feet 

Feet 
Geologic Formation Raritan 

Tail Piece: Diameter. Length. 

WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at. Feet above surfs 

Feet above surfa 

RECORD OF TEST: Oata Yield. Gallons per minute 

Static water level before pumping . 

Pumping level __________ feet below surface af ter __ 

Orewdown Feet Specific Capacity. 

Feet below surface 

_ hours pumoing 

Gals, per min. per ft of drawdown 

How pumped How measured 

Observed affect on nearby wells , 

PERMANENT PUMPING EQUIPMENT: 

Type __J Mfn. Name 

Caoecity GJ\M. HawOriven *. K.P. R.P.M. 

Daoth of Pump in well 

Depth of Air Line in well Feet 

Depth of Feotpieee in well 

Type of Meter en Pump __ 

used for monitoring AMOUNT 
f Avenge 

Size. 

Feet 

-Inches 

QUALITY OF WATER 
t • 

Twm 

LOG descriptive 

^ Minimum. 

Sample: Yes. 

Gallons Oaily 

Gallons Daily 

Oder. Color. 

- No. 

Temp. . 
°F. 

(Gim am/i an 

SOURCE OF OATA 

*f anwt er en •eaniv awt It «<igj« tot — 

Woodvard-Clvda Consultants 

An samples available? ^CS 

Ima»ooorJ 

DATA 03TAINE0 BY Woocvard-Clyde Consultants 
A-235 Date 

6 Jan 81 

(NOTE: Um orttor ado of tnii thoor far additions/ information ajcti at loo of marariali oortatrattd. 



I  

I  wcc-3<i 

», i J. E. FHITTS i ASSOC. INC. 

- f* , '  r 'J '  
.'as No.. 

I  

I  

I  

V  

I  

I  

I  

I  

I  

I  

I  

I 

V 
I 

I  

I  

:: -c;-MS. 

xea .sec •.%. 

v » V,' 

't-.iC s.racs tnu oorirg ;s. 

• •am j  r«  
CLASSIFICATION 

3D 
Soman 
_ 4 

roa 
«•. 

i»«0 «• 30" a-a«« o« $000*4 _ ... 
Samoia Saotn f — aco«o»» 

1 »t • • 3«o S" | 3*a «" 

i ' 1 1. i 

••  • • !  1 • '  ' !  " • •  i  

EEr-9 w <?f S LAJ  ̂«•/ 2* y/M r\ ? \/r » 
J '  ! //J ' • 2/-r ' w v  P  ' A s * * .  ! < * Z ' T  & Wl 7 l /< l/>» I • I 

!  1 ,  ^ -3  2' vt* lr i S"  1 5 - 1  '  I - - .  

• 
• I .- I • r . 

f 'j" ' / £ "  //'uV' •/?? \€mCf 7 U 
/ ' / £ •  

\ 
1 £AAJ<S. a? OffAuet. a • • • • i  •  

/J" ifV T̂ /r̂ tf ~f* V*cd Aa*A*tf yf' /<' 
1/ 1 

1 - A . S-£- ito' ii 'i* -r //• 2 Z \ . J 

i ' l  •  • .  '  V-  ' • • • •  •  :  f 7 ,  v hccr 331 1 

rr ̂ rj/ I ^ to*J <A*d rf la' Is/'/' 

11'' «'T?/3. •SL r» t.. 1 

'in' € r* k-/6 JB 5/3t 1 

'• i IAA/J/i : ' : £ * / /  VS' W3i/t «%S» r 

t'i- i S"<4' £+ a. v jst/z r • a. • f\ / c-^  5r' iC'/i /,« ISJ'B/ 12. 5Ar*t 
/  •  • • ' •  /  l / \  Sf̂ iV 7 \/S'  ZT . • 1 ' 

7"a" U»' i J~hAW XLAC£ </>S S/L7* <!' •iVi4 *7 /3 1^7 
1 
1 

1 Ltl/TH It fmes £l*m/CJk . .1 • • .  '  r . .  1 

&r-*v st i rv e.ny hv *« '  lA /V ?  i /T '  i i r  2 SX~ 

'. * / Sif 6 !• ? I/^ • 1 

/ ̂ ' '70"* f /I/~a.V + £*• HujA* ^ $-n 70' vv r* •A \A ' • 

• ! 1 72 t* *J •1 • • 1  • •  ! 

fol \€r***A+ X/A/f* T?i j*9J*e/ <AA  ̂y# 7-«" 70 iflS ' 

1 •1 1 "1 

y/t c^# '  3^ Y*%- \ ? 1 

* ' •  :  I f . y f  T ides '  * fo '  SCmxm* T .7^ 1" P A^ir Y«7J. ?£L—\ ^_ 

j'ou«e SU-JC« to. 

•Vjt»» 'fv«l •« 

<«V«I s^__ 

1 • 

n. osad 

3 ' 57/tJC Up j* ** 
.cwing: A-236 

.ft. MOW Ground surtaca at eomotation. 

.ft. Mo«* Ground wrfaea^__nrt. attar correlation. 

Foraman 

' ^ •" /m . 

TS'O^ Sarins No. 



PURPOSES ONLY W E L L  R E C O R D  
t i  :  _? « < 

a  s e x  

C?s C.u.enical Cor.?ar.y 
^  I  I  i l l "  

C-ner s Well No. ^D 

"ACDRESS 
C. Bex 152, Old 3riira, 

SURFACE ELEVATION lAaar* mi .«m,w 

-C CATION 

DATE COMPLETED 12 ran 31 

DIAMETER: Too. , incuts Borrow 

ORILLSR 
6 

J.Z. Fritts, Co. 

CASING; Type Sch 40 PVC 

.inehes 

Diameter 

TOTAL OEFTH. 8 0  

Sen 40 PVC 0.020 2 
SCREEN: Type Sire of Opening Diameter 

, Inches 

, Inches 

Length. 
63 

:etr 

Length _. 
10 

Range in Depth 
Bottom _ 

Tail Piece: Diameter L 

{ Top. 65 
75 

Feet 

Feet 

Inches 

Geologic Formation 

5 

Raritar. 

Length. .Feet 

WELL FLOWS NATURALLY 

Water rises to _____ 

Gallons per minute at. Feet above turfi 

Feet above surfa 

RECORD OF TEST: Date Yield. Gallons per minute 

Static water level before pumping 

Pumping level 

Drawdown _ 

feet below surface after 

Feet below surface 

hours punoing 

Feet Specific Capacity. Gals, per min. per ft. of drawdown 

How pumped How measured 

Observed iff act en nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type Mfn. Name 

Capacity 5.P.M. Haw Oriven K.R. R.R.M. 

Depth of Pump in well 

Depth of Air Una in well Feet 

Depth of Footpieee in well 

Type of Meter on Ftenp 

USEO POR monitoring AMOUNT 
( Average 

Siza 

Feet 

.Inches 

QUALITY OF WATER 

T«T» 

I Maximum. 

Sample: Yes. 

Gallons Daily 

Gallons Daily 

No. 

LOG descriptive 
Oder. _ Color. Tamp. •P. 

Are samples available? 
(Gim omit an aace of moot or an jaewvrv mart If wecsrx /ay mm moot, mm htmoO 

SOURCE OF OATA Woodward-Clyde Consultants 
DATA OBTAINEO BY 

Woodward-Clyde Consultants 
Oate 

12 Jan 81 

A-237 

(NO TS: Um other arde of tnit ariaer for ttSdmonol info/motion such as lof of motorics pormrotod. 
ajaofuei'e a/ oK* Morae ciretnA mae pJrmtBh j/ CJBUf%C l/7V)0RDIflO« 
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1. OWNER 

FOR MQNITOF.IMG 
PURPOSES ONLY 

CPS Chemical Company 

STATe CP NEW JERSEY 
PEPARTMENT CF ENVIRONMENTAL PROTECTION 

QIVISIQN OF IVATER RESOURCES 
PERMIT NO 

APPLICATION NO. 

WELL RECCRO COUNTY. 
•Mice  ! ss  5.x  

P .O.  Box 162,  O ld  Br idge,  NJ 

Cwer's //ell No. 

LOCATION 

rfCC- 1 Id 
ADDRESS 

SURFACE ELEVATION 
Aeon* m«4n ma .««•// 

3. 

4 .  

s. 

6. 

DATE COMPLETED 
1 6  Apr 81 

OIAMETER: Too. 10 . inches Bottom 

DRILLER J-E. Fritts, Co 
10 

CASING: Type 

SCREEN: Type , 

Sch 40 PVC 
Sch 40 PVC 0.020" 

Sin of Opening 

. inches 

Oiameter 

Oiameter 

TOTAL DEPTH. 71 .5 

Inches 

Inches 

Lsngth. 

Lsngth. 

55 

Range in Depth 1 Top. 55 

Bottom 65 

Feet 

Feet 

Tail Pia Oiameter. . Inches 

Geologic Formation 

5 

Raritan 

Length. 

7. WELL FLOWS NATURALLY 

Water rises to 

Gallons per minute at 

.Feet 

Feet above surface 

Feet above surface 

8. RECORD OF TEST: Oate Yield. Gallons per minute 

Static water level before pumping 

Pumping level 

Drawdown __________ Feet 

feet below surface after 

Fact below surface 

______ hours pumping 

Specific Capacity. Gait, per min. per ft. of drawdown 

How pumped How meoMired 

Observed affect on nearby wells 

PERMANENT PUMPING EQUIPMENT: 

Type ! Mfrs. Name 

Capacity G.P.M. How Oriven 

Oeoth of Pump in wed 

10. 

11. 

'2. 

13. 

1 4 .  

Depth of Air Line in well 

USED FOR monitoring 

Feet 

Depth of Footpie 

Type of Meter on Pump 

H.P. 

i in well 

R.P.M. 

Size. 

Feet 

.Inches 

AMOUNT 

QUALITY OF WATER 

Tattm 

LOG 

(Average _ 

Maximum. 

Sample: Yes. 

Gallons Oaily 

Gallons Daily 

Odor Color. 

. No 

Tamp. . 
°F. 

(Giwa 

SOURCE OF OATA 

descriptive 
ef sneer or on rename meet It amtria lot mm maoa. 

Woodward-Clvde Consultants 

Are samples available? 
fonud»eaoY.J 

yes 

OATA OBTAINED BY Woodward-Clyde Consultants 

A-239 
Oate 

16 APr 81 

(NOTE: Um other sida of this sheer for additional information audi aa lot ofmatariala panatratad. 
analysis of the merer, snatch mao. thatch of toaciai casino amnosmants. ate.) 

.r«eT 

_C..f 

.Feet 
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1. OWNER 

FOa MONITORING 
FURPOSES ONLY 

CPS Chemical Company 

w STATS OP S6W JERSEY 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

OIVISION OF WATER RESOURCES 

9 
P E R M I T  N O .  

application no 

WELL RECORD COUNTY 
v  i c o 1 e s e x  

P.O.  Box 162,  O ld  Br idce,  NJ 

Ower's Wen No. 

2. LOCATION 

*u 

ADDRESS 

SURFACE ELEVATION 
lAoaw* m*tn it< •»». 

3. DATE COMPLETED 

4. OIAM6TER: Too__!£ 

5. CASING: Type. 

6. SCREEN: Type. 

99 Apr 81 

. inches Bottom 

ORILLER Fr i t tS,  CO. 

10 

Sch 40 PVC 
Sch 40 PVC 0.020" 
_____ Sin of Opening 

45 

_ inches 

Diameter 

Diameter 

TOTAL DEPTH. So.  5  

. Inch** 

. Inches 

Lengtn. 

Length. 

45 

10 

Rang* in Oeoth { 
Too 

Bottom 
55 

PMt 

Pan 
Geologic Formation Raritan 

Tail Piaea: Oiamatar. . Inches Length. -Feat 

WELL PLOWS NATURALLY 

Water riia* to 

Gallon* par minute at Past above turf act 

Feet above surface 

8. RECOROOF TEST: One Yield. Gallons per minute 

Static water level before pumping 

Pumping level 

Drawdown __________ Feet 

feet below surface after 

Feet below surface 

_____ hours pumping 

Specific Capacity Gelt, per min. per ft. of drawdown 

How pumped 

Observed affect on nearby walla 

How measured 

9. PERMANENT PUMPING EQUIPMENT: 

Type ' Mfrs. Name 

Capacity G.P.M. How O riven 

Oepth of Pump in wed 

Oepth of Air Line in wail ' 

io. USED FOR monitor!ng 

Feet 

Oepth of Footpia 

Type of Meter on Pump 

H.P. 

i in well 

R.P.M. 

Size. 

Feet 

.Inches 

.Fee: 

_ceet 

.Feet 

AMOUNT 

11.  QUALITY OF WATER 

Taste 

(Average _ 

Maximum. 

Sample*. Yes. 

Gallons Daily 

Gallons Oaily 

descr ip t ive  

Odor Color. 

_ No 

Tamp. . 
°F. 

12. inG . , i in i _UJ1 ;f 

13. SOURCE OP DATA Woodward-Cl vde Consultants 

Are templet available? 
famuft eeOY.J 

yes 

14. DATAOBTAINEOBY Woodward-Clyde Consultants 
A-241 

Oate 
22 Apr 81 

(NOTE: (Jm other odd of thai dmt for additional information audi at log of matariaia panatratad. 
Mi/nt rs4 thm mrr— maa tkmfrh nf taaaiat eaaiaa Aiienaementt. ate.) 
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CWNER. 

FOR MONITORING 
PURPOSES ONLY 

CPS Chemica l  Company 

STATSCF NEW .jERSEY 
06PARTM6NT OF ENVIRONMENTAL FRCTSCTICN 

OIVISION OF <VATER RESOURCES 
PERMIT NO. 

APPLICATION NO 

WELL RECORD 
COUNTY. 

• i i  Co1,  esex 

P.O.  Box 162,  Old Br idge,  NJ 

Weil NO. 

2. LOCATION 

WCC-

ADO R ESS 

SURFACE ELEVATION 
,AOO*i Ttttn m l*ii) 

3. OATE COMPLETED 20 APR 81 

4. OIAMETER: Top. 10 . inches Bottom 

ORILLER J-E-  Fn i t ts ,  Co 

10 

5. CASING: Typo 

6. SCREEN: Typo 

Sch AO PVC 
_ inches 

Diameter 

TOTAL DEPTH. 
55.5  

AA 
. Inehi Length. 

Sch 40 PVCc.,.„#riB ;̂n<, °-020 oiomotor—I Inches Length _!£. 

Range in Ooptii { Top. 
44 

Bottom 
54 

Foot 

Foot 
Geologic Formation Pari tan 

Tail Pioco: Oiomotor. Langth. -Foot 

7. WELL FLOWS NATURALLY 

Wator rites to .—, 

Gallons por minuto at Feet above surface 

Foot above surface 

8. RECORO OF TEST: Oato YMd. Gallons por minuto 

Static wator lovoi boforo pumping • 

Pumping lovoi f«« Mow surfaeo aftor _ 

Orawdown Foot Specafic Capacity 

Foot MM surfaeo 

hours pumping 

Gois. por min. por ft. of drawdown 

How pumpod How moasurod 

Obsorvod affact on nearby walls 

9. PERMANENT PUMPING EQUIPMENT: 

Typo ! Mfrs. Noma 

Capacity G.P.M. Hew Driven H.F. R.F.M. 

Oopth of Pump in wall 

Deoth of Air Lino in wall ___ 

o. USEOFOR monitoring 

Foot 

Oopth of Footpioco in wall 

Typo of Motor on Pump 

••• _F« 

-Feet 

-Feet 

Size. 

Foot 

J riches 

AMOUNT 

11. QUALITY OF WATER 

Tacto ______ 

( Average _ 

I Maximum. 

Sample: Yos. 

Gallons Oaily 

Gallons Oaily 

descriptive 

Oder. Color. 

- No 

Tamp. 
°F. 

12. LOG : ^ IGim WW aw aaea §t moor or ois moann rwt //wwtrw/of •* 

13. SOURCE OF OAT A Uoodward-Clvde Consultants 

1*. OATAOBTAINEOBY Vloodward-Clyde Consultants 

Are sompios available? 
fumah may.) 

yes 

Oato 
20 Apr 81 

A-243 
(NOTE: Urn other vda of th/t *eer for additional information a/dt at log of matariait panatratad. 

ana/van of tha worn, tkateh map. tkateh of spactal eatrnq amngamams, arc J 
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bEK 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

DIVISION OF WATER RESOURCES 
BUREAU OF GROUND WATER MANAGEMENT 

boring no. '-'eii 
ELEVATION 
DATE STARTED 10/20/32 

PROJECT CPS-Madison 
LOCATION EASE OF Pond 

PURPOSE 
WATER LEVEL 

DATE FINISHED 10/20/32 
DATE TIME 

TYPE OF DRILLER 
DRILLING HOI 1 aw stg»T< A'jggr H . Larason 

HELPER INSPECTOR OR 
J. Curran GEOLOGIST 

E U e 

25-

50-

75-

0-

5-

0-

5-

rirv- I JAttfU 
AT I ON 1 8^ • 2 Ifl vxu. CLASSIFICATION ' 
- sss i * * SPOON SLOW DISICN *0« XLXV. - ' U a it. c «• ran • 

*0« XLXV. - ' 

•" 

( 
N 
^ 2 .0" 
20 «5ot 

4 1 

. 
• • 

. 
• 

• • 

A -•245 •245 

REXAAXS 

Threaded 2" P' 
pipe and scre< 
20 sloe 
Ho Samples Ta 



DEPARTMENT OF ENVIRONl TAL PROTECTION 
DIVISION OF WATEK RESOURCES 

BUREAU OF GROUND WATER MANAGEMENT 
BurtlNG NO. 
ELEVATION 

Well :iS7-2 

DATE STARTED 10/20/8 2 
PROJECT CPS-Madiaan 
LOCATION East of Pond 

PURPOSE Mon ieor 

WATER LEVEL 
DATE FINISHED 

DATE TIME 

TYPE OF DRILLER 
DRILLING Hollow Stem Auger H. Larason 

HELPER 
J. Curran 

INSPECTOR OR 
GEOLOGIST 

E u a 

ELEV
ATION 

-Is ss§ u a it. 

.SAMPLE 

SPOON BLOW 
S" PENS. 

WELL 
DESIGN 

CLASSIFICATION 
•0* ELEV. •_ 

PEMAAXS 

s-

10-

15-

20-

3-

30-

35-

2" 
PVC 
Pipe 

2" 
PVC 
SCREET 

20 
SLOE 

A-246 

Threaded 2" PV 
pipe 20 sloe P' 
screen. 
Ho Samples Tak-



I  

I  

I  

I  
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DEPARTMENT OF ENVIRONN .TAL PROTECTION 
DIVISION OF WATER RESOURCES 

BUREAU OF GROUND WATER MANAGEMENT 
BORING NO. 
ELEVATION 

c <" 

'-'e 1• • • •  S 7 - -

PROJECT CPS-Madison PURPOSE 
LOCATION gftilfh n f WATER LEVEL 

DATE STARTED 10/27/92 
DATE FINISHED 10/27/82 

DATE TIME 

TYPE OF DRILLER 
DRILLING Hollow Seem Auger H. Larason 

HELPER INSPECTOR OR 
M. Ryan GEOLOGIST 

ELEV JS AMPLE 

f U a 

ATION 

CA
SI
NG
 

BL
OW
S/
 

FO
OT

 

e 

s 
HI * »• 

SPOC 
«• I 

)N BLOW 
>ENE. 

5-5-

10-10-

ls-ls-

20-20-

2«-•S— 

30-30-

• 

A -

1 

WELL 
DESIGN 

2" 
PVC 
Pipe 

10ft 
2" PVC 
screen 

CLASSIFICATION 
"0" ELEV. -

SEXAAXS 

2" PVC Pipe 
scre w e d  a n d  c  

10' 20 slot : 
No Samples 
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ANALYTICAL RESULTS (PRIOR TO 1988) 
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I  

1 

i 
i  

1 
i 

i  

i  

I  

i  

i  

I  

i  

I  

I  

i  

I  

RANGE OF CONSTITUENTS DETECTED IN ALL WELLS (ppb) 
Lead Zinc 

Low Date High Date Low Date High 
555 

Date 
5/77 

Cadmium 

Low Date High 
1700 

Date 
9/12/77 

M-l mm 
M-3 
M-4 
M-5 
M-6 

6340 11/75 625000 9/12/77 10/75 11 4/76 

6500 11/75 1660000 10/77 1 9/12/77 

220 5/83 27250 : 9/24/75 1 9/12/77 
948 

76 
3/87 

10/77 
28 5/77 2010 3/82 

2 + 10/77 41 4/76 

80 5/83 36250 8/75 1 9/24/75 16 8/76 1 11/75 16 8/75 

100 5/77 4200 8/75 2 9/24/75 24 8/76 11/75 12 8/75 

3410 11/88 17000 5/83 3/87 14 
360 

11/88 

10/79 
15 3/87 
1 9/6/77 

130 
10 

5/85 

360 10/79 97700 8/77 9/12/77 

S-2 
S-3 

328 8/77 800 9/12/77 9 9/12/77 

1225 9/6/77 3100 9/12/77 16 9/12/77 
328 
110 

8/77 
10/77 

2 8/77 
5 9/6/77 8/77 

4830 3/82 515000 5/75 3/87 52 
18 

10/77 
3/87 

5 3/87 
1 & 5/85 

41 
11 

B 199 9/6/77 45000 5/83 9/24/75 

216 3/82 3250 6/75 11/75 117 9/6/77 
5/75 

2 11/75 
11 ( 9/12/77 

6 
25 

5/75 
6/75 

E 
1050 6/75 20050 5/75 8 • 10/77 82 

167 9/6/77 7440 5/75 9/24/75 18400 
69 

4/76 
11/75 

8/76 
4/76 

26 
13 

5/75 
5/75 

B 
NO.l 
NO.2 
NO.3 

217 9/6/77 2600 : 9/24/75 6/75 

214 9/6/77 3450 11/75 1 9/12/77 15 9/6/77 1 11/75 17 5/75 

430: 11/75 1120 5/75 10 5/77 103 5/75 1 @ 8/76 9/24/75 

1600 6/75 2400 5/75 6/75 14 5/75 10 6/75 17 5/75 

465 10/77 465 10/77 

4960 5/75 78750 2/74 5/75 41 
3 

5/85 
4/76 

10/77 
5/76 

31 
3 

5/75 
4/76 

NO.4 360 5/76 5300 4/76 5/76 

NO.5 10 4/76 10: 4/76 6/76 3 
342 

4/76 
3/82 

6/76 
5/85 

70 
: : 1. 

NO. 10 962 3/82 8125 5/85 63 5/85 

NO 1! 1250 3/82 1250 3/82 34 3/82 34 
6920 

3/82 
3/82 

NO. 12 97000 5/83 156000 3/82 4/76 

NO 13 
NO 16 
NO. 18 
NO 19 
WCC-1M 
wee-ID 
wec-2 
WCC-2M 
WCC-3M 

404 3/82 1200 4/76 4/76 4/76 21 4/76 

562 3/82 562 3/82 24 3/82 

428 11/88 586 3/82 13 11/88 

24 
30 

3/82 
3/82 

423 3/82 635 11/88 1.4 11/88 74 3/82 3/82 3/82 

1310 11/88 1310 11/88 

428 3/82 428 3/82 51 3/82 51 3/82 21 

424 11/88 447 3/82 40 3/82 40 3/82 
3/82 
3/82 

21 
9 

3/82 
3/82 

WCC-3D 
WCC-4S 

351 3/82 403 11/88 11/88 71 
950 3/82 950 3/82 30 3/82 30 

203 

3/82 
3/82 3/82 

3/82 

3/82 
3/82 

WCC-4M 
WCC-5S 
wec*6s 

3820 3/82 3820 3/82 203 3/82 3/82 
288 3/82 288 3/82 

486 3/82 820 11/88 1.4 11/88 22 
74 

3/82 
3/82 

6 
34 

3/82 
3/82 

6 
34 

3/82 
3/82 

WCC-6M 259 11/88 1180 3/82 7.8 11/88 

WCC-6D 1040 3/82 1040 3/82 206 3/82 206 
30 

3/82 
3/82 

12 
19 

3/82 
3/82 

12 
19 

WCC-7M 1610 3/82 1610 3/82 30 3/82 3/82 
3/82 

WCC-9S 1800 5/83 5415 3/87 3/87 71 
5 

3/82 
3/87 

3/87 
3/87 

WCC-9M 
WCC-9D 

1988 3/87 3900 5/83 3/87 

11200 3/82 11200 3/82 40 3/82 40 3/82 
3/82 

22 
4 

3/82 
3/82 

22 
5 

3/82 
3/87 

WCC IIS 6970 11/88 110000 5/83 2.5- 11/88 61 

WCC41MN 390 5/83 16400 11/88 3.8 11/88 105 3/82 
3/82 

3/82 
3/87 

5 
11 

WCC-IIDC 998 3/87 5500 3/82 3/87 98 3/82 
3/82 

WCC-12M 21 11/88 892 3/82 3.9 11/88 54; 3/82 
3/82 

3/82 

WCC-13 174 11/88 180 5/83 3.2 11/88 71 

WCC-14S 161 3/82 800 5/83 71 3/82 71 3/82 
3/82 

1 1  
4 

3/82 
3/82 

11 

4 
3/82 
3/82 

WCC-15SE 30 5/83 216 3/82 78 3/82 78 

WCC-15M 750 5/83 750 5/83 

WCC-15D 149 3/82 149 3/82 71 3/82 71 3/82 
3/82 

3/82 
3/82 

3/82 
3/82 

WCC-16S 170 5/83 7100 11/88 2.8 11/88 84 

L-1A 4/73 10 3/73 

L-2 25 3/73 25 3/73 

L-3 4/73 3/73 
3/73 mm 250 4/73 15000 5/73 # 2/74 11 3/73 



RANGE OF CONSTITUENTS DETECTED IN ALL WELLS (ppb) (Continued) 
Zinc Lead Cadmium 

Wells Low Date High Date Low Date High Date Low Date High Date 
L-5 150: 4/73 220 2/74 2 3/73 2 3/73 
T-l 28540 3/87 289600: 5/85 • 5 3/87 375 5/85 12 5/85 1694 3/87 
DEP. 1 378 11/88 • 378 11/88 :.:;v!2:: 11/88 -/I;:- 11/88 
DEP-Z 354 11/88 11/88 1.1 11/88 1.1 11/88 
DEP-4 7660 11/88 7660!: 11/88 T- 11/88 7 11/88 17 11/88 17 11/88 
DW-1S 903 11/88 903 11/88 
DW-ID 95 11/88 9St 11/88 
DW-2S 659 11/88 659 11/88 
DW*3S 521 11/88 521 11/88 
DW-3D 88 11/88 : 88 11/88 
DW-4S 1090 11/88 1090 11/88 
DW-4D 207 11/88 207 11/88 
DW-SS 2140 11/88 2140 11/88 
DW-5D 47 11/88 47 11/88 
DW-6S 945 11/88 945 11/88 0.98 11/88 0.98 11/88 
DW-6D 151 11/88 151 11/88 5.5 11/88 5.5 11/88 
t)W*TS 108 11/88 108 11/88 
DW-7D 65 11/88 65 11/88 
SAY-PRO A 101 5/85 101 5/85 6 5/85 6 5/85 1 5/85 1 5/85 
PA-05 

FB-1 47 11/88 151 3/87 1.2 11/88 25 3/87 5 3/87 5 3/87 
FB-2 26 11/88 26 11/88 
FB-3 26 11/88 26 11/88 3.2 11/88 3.2 11/88 
FB-4 
TB-1 51 3/87 3/87 43 3/87 43 3/87 5! • 3/87 5 3/87 
TB-2 
TB-3 
TB-4 
MB 

NOTES: When HIGH=LOW, only one sample was taken 
"SAY-PRO A" and "PA-05" wells are production wells 

Shaded wells represent selected wells 
• = Well D also had a low of 8 on 5/75 
tt = Well L-5 also had a low of 4 on 4/73 
+ = Well M-3 also had a low of 2 on 5/77 and 11/75 
& = Well B also had a low of 1 on 11/75 
@ = Well H also had a low of 1 on 11/75 
a = two readings were averaged to obtain this value 

A-250 



Copper Methylene cloride 1,1,2,2-tetrachloroethane 

Wells Low Date High Date Low Date High Date Low Date High Date 

M-l 870 1983 2800 1982 73 12/78 73 12/78 1.1 12/78 10 10/79 

M-2 1689 1987 24000 1988 16 11/88 160 10/79 54 10/79 54 10/79 

M-3 120 1983 120 1983 12Q 4/76 83000 10/79 240 12/78 4510 10/79 
M-4 82 1987 82 1987 1.3 12/78 1.3 12/78 

M-5 33 1987 33 1987 1.2 12/78 1.2 12/78 
3200 1983 5682 1987 430 11/88 430 11/88 

S*l 850 9/12/77 67000 10/79 8000 12/78 8430 10/79 
S-2 
S*3 2.4 12/78 2.4 12/78 

A 15 1987 60 1983 10 10/79 48.2 10/78 0.7 12/78 13.7 10/78 
11 1985 : is 1987 1400 5/85 391000 10/78 49 5/85 8400 12/78 

C 16 1982 16 1982 4.8 7/78 4.8 7/78 
D 0.4 7/78 0.4 7/78 0.4 12/78 0.4 12/78 
E 17 10/79 17 10/79 1.6 12/78 1.6 12/78 
F 
Q 
H 
NO.l 257 10/78 257 10/78 3.3 12/78 3.3 12/78 
NO.2 
NO.3 171 1985 a : 171 1985 4.6 10/78 42 7/78 
NO.4 1.7 10/78 1.7 10/78 
NO.5 7.2 10/78 7.2 10/78 
NO. 10 11 1985 13 1982 1230 10/78 1230 10/78 
NO.lt 35 1982 35 1982 2.4 3/82 21330 10/78 1677 10/78 1677 10/78 
NO. 12 53600 1982 53600 1982 1200 5/85 17000 3/82 
N0.13 94 5/85 94 5/85 

NO. 18 
...!«? 
2.7 10/78 

14 
2.7 

IU/ /o 
10/78 

NO 19 21 1982 21 1982 
WCC-JM 48 1982 66 1988 11 3/87 11 3/87 
WCC-ID 33 1988 56 1982 
WCC-2 
WCC»2M 33 1988 84 1982 
WCC-3M 30 1988 56 1982 
WCC-3D 33 1988 43 1982 
WCC-4S 64 1982 64 1982 
WCC-4M 157 1982 157 1982 
WCC-5S . 25 1982 25 1982 
WCC«6S 65 1988 a 105 1982 3845 3/82 3845 3/82 
WCC-6M 33 1988 256 1982 
WCC-6D 91 1982 91 1982 
WCC-7M 874 1982 874 1982 9.8 3/82 9.8 3/82 
WCC-9S 36 1987 ; 101 1982 
wmmm 3672 1987 6900 1983 680 3/87 680 3/87 
WCC-9D 2850 1982 2850 1982 218 3/82 218 3/82 
wcc-tis 15 1987 97 1982 
WCC-llMN 
WCC-11DC 29 1987 172 1982 
WCC-12M 30 1988 91 1982 960 3/87 960 3/87 
WCC-13 8.3 1988 8.3 1988 
WCC-14S 58 1982 58 1982 
WCC-15SE 61 1982 61 1982 34 3/82 18000 5/85 63 5/85 63 5/85 
WCC-15M 
WCC-15D 140 1982 140 1982 26.7 3/82 26.7 3/82 20.3 3/82 20.3 3/82 
WCC-56S 74 1982 74 1982 7.9 3/82 7.9 3/82 30 3/87 30 3/87 
L-1A 
L-2 A-251 
L-3 
L-4 1 



Wells 

Copper 

Low Date High Date 

Methylene cloride 

Low ~ Date High Date 

1,1,2,2-tetrachloroethane 

Low Date High Date 

L-5 
T-l 6700 1983 24230 1987 69 5/85 140 3/87 3 5/85 3 5/85 

DEP-1 18 1988 18 1988 2 3/87 2 3/87 2 3/87 2 3/87 

DEP-2 4.3 1988 4.3 1988 59 3/87 59 3/87 

DEP-4 66 1988 66 1988 
DW-1S 
DW-1D 12 11/88 12 11/88 

DW-2S 5.5 1988 5.5 1988 
DW-3S 
DW-3D 
DW4S 11 1988 11 1988 
DW-4D 
DW-5S 
DW-5D 39 11/88 39 11/88 

DW-6S 11 1988 11 1988 
DW-6D 16 1988 16 1988 
DW-7S 
DW-7D 59 11/88 59 11/88 
SAY-PRO A 42 1985 42 1985 
PA-05 

FB-1 15 1987 15 1987 
FB-2 5.5 1988 5.5 1988 
FB-3 
FB-4 
TB-1 15 1987 ! 15 1987 
TB-2 26 11/88 26 11/88 

TB-3 
TB-4 
MB 2 3/87 3100 3/82 

A-252 



Wells 

,2-dichloroethane 

Low Date High Date 

, 1 -dichloroethane ! 

Low Date High Date 1 

, 1 -dicholorethene C 

.ow Date High Date 

Carbon tetrachloride 

Low Date High Date 

M-l 6.5 3/82 6.5 3/82 

M-2 . 53 3/82 88 11/88 
M-3 13 4/87 13 4/87 

M-4 
M-5 
M-6 670 11/88 670 11/88 

S-t 
S-2 
S»3 
A 6.8 3/82 6.8 3/82 640 4/87 640 4/87 9.2 3/82 9.2 3/82 

B 16 4/87 210 : 5/85 14 5/85 14 5/85 3 5/85 3 5/85 6.5 5/85 6.5 5/85 

C 
D 
& 
F 
Q 
B 
NO.l 
NO.2 
NO,3 15 5/85 15 5/85 

NO.* 
NO.5 
NO 10 
NO. 11 12.3 3/82 12.3 3/82 
NO. 12 770 5/85 4200 3/82 2 5/85 117 3/82 3 5/85 3 5/85 .1750 3/82 1750 3/82 

NO.13 
NO. 16 15 3/82 15 3/82 

NO. 18 
NO 19 
WCC-1M 68 11/88 140 4/87 

WCC-lD 16 3/82 16 3/82 15 3/82 15 : 3/82 

WCC-2 
WCC-2M 
WCC-3M 5.8 3/82 5.8 3/82 

WCC-3D 
WCC-4S 
WCC.4M 
WCC-5S 
WCC«6S 54 3/82 440 3/82 10.2 3/82 206 3/82 69 3/82 4480 3/82 

WCC-6M 
WCC-6D 28 11/88 28 11/88 104 3/82 104 3/82 

WCC-7M 16.9 3/82 16.9 3/82 17.3 3/82 17.3 3/82 

WCC-9S 17 4/87 17 4/87 

WCC-9M 1200 4/87 1200 4/87 
WCC-9D 69 3/82 69 3/82 
WCC-US 12 4/87 15.8 3/82 25.5 3/82 25.5 3/82 

WCCM1MN 22.6 3/82 28 11/88 11.1 3/82 11.1 3/82 

WCC-11DC 8 3/82 8 3/82 
WCC-12M 80 11/88 1200 4/87 

WCC-13 
WCC-14S 
WCC-15SE 106 3/82 2000 5/85 1.7 3/82 22 5/85 6 5/85 6 5/85 49 3/82 49 3/82 

WCC.I5M 120 4/87 120 4/87 
WCC-15D 24.4 3/82 24.4 3/82 4.5 3/82 4.5 3/82 60 3/82 60 3/82 

WCC-16S 
L-1A 
L-2 
L-3 ' 

L«4 



1,2-dichloroethane 1,1-dichloroethane 1,1-dicholorethene Carbon tetrachloride 

Wells Low Date High Date Low Date High Date Low Date High Date Low Date High Date 

L-5 
T-l 208 5/85 208 5/85 400 4/87 400 4/87 

DEP-1 22 4/87 22 4/87 
DEP-2 
DEP-4 
DW-1S 
DW-ID 24 11/88 24 11/88 
DW-2S 
DW-3S 
DW-3D 
DW4S 
DW-4D 
DW-SS 
DW-5D 13 11/88 13 11/88 
DW«6S 
DW-4D 
0W-7S 
DW-7D 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 

A-254 



Wells 

Bromoform 

Low Date High Date 

Benzene 

"Low Date High Date 

Toluene 

Low Date High Date 

M-l 
mmmm 4.2 3/82 4.2 3/82 5.7 3/82 5.7 3/82 

M-3 22 4/87 22 4/87 6 4/87 6 4/87 

M-4 
M-5 
M-6 
&*l 
S-2 
S*3 
A 18 3/82 18 3/82 4.5 3/82 4.5 3/82 9.8 3/82 9.8 3/82 

B 60 4/87 60 4/87 29 4/87 29 4/87 

C 6 4/87 6 4/87 

0 
£ 
F 
Q 
B 
NO A 
N0.2 
NO,3 18 5/85 19 5/85 

NO.* 
NO,5 
NO 10 
NO.lt 11 3/82 11 3/82 3.8 3/82 3.8 3/82 2.5 3/82 2.5 3/82 

NO. 12 2600 3/82 2600 3/82 655 3/82 655 3/82 2130 3/82 2130 3/82 

NO. 13 
NO. 16 
NO. 18 
NO 19 
WCC-1M 
WCC-tD 
WCC-2 
WC02M 
WCC-3M 2 3/82 : 2 3/82 

WCC-3D 
WCC-4S 
WCC.4M 
WCC-5S 194 3/82 i 194 3/82 68 . 3/82 68! 3/82 

WCC-6S 205 3/82 205 3/82 60 3/82 125 3/82 314 3/82 795 3/82 

WCC-6M 7 4/87 7 4/87 

WCC-6D 8.2 3/82 8.2 3/82 

WCC-7M 124 3/82 124 3/82 

WCC-9S 
WCC-9M 
WCC-9D 

32 3/82 32 3/82 7.6 3/82 94 4/87 5.8 3/82 7 4/87 

WCC+11MN 131 3/82 131 3/82 3.3 3/82 3.3 3/82 9.1 3/82 9.1 3/82 

WCC-IIDC 1.1 3/82 1.1 3/82 

WCC.12M 120 11/88 320 4/87 290 11/88 3000 4/87 

WCC-13 
WCC-14S 
WCC-15SE 97 3/82 97 3/82 20.3 3/82 190 4/87 42 3/82 700 4/87 

WCC-I5M 5 4/87 5 4/87 

WCC-15D 73 3/82 73 3/82 15.1 3/82 15.1 3/82 45 3/82 45 3/82 

WCC-16S 
L-1A 
L-2 
L-3 A-255  

L-4 



Bromoform Benzene Toluene 

Wells Low Date High Date Low Date High Date Low Date High Date 

L-5 
T-l s : : 3 5/85 v . 3 5/85 
DOM 0.6 3/82 0.6 3/82 1 4/87 1 4/87 

DEP-2 230 4/87 310: n/88 850: 4/87 980 11/88 

DEP4 
DW-1S 
DW-ID 
DW-2S 
DW-3S 
DW-3D 
DW-4S 
DW-4D 
DW-SS 79 11/88 79 11/88 : 63 11/88 63 11/88 
DW-5D 
DW-6S 
DW-6D 
0W-7S 62 11/88 62 11/88 
DW-7D 22 11/88 22 11/88 
SAY-PRO A 11 5/85 11 5/85 
PA-05 7 4/87 7 4/87 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 : 1 4/87 : 1 4/87 

TB-4 
MB 6 4/87 6 4/87 

A-256 



Wells 

Bis(2-ethylhexyl)phthalate 

Low Date High Date 

1,2-dichloropropane 

Low - Date High Date 

Chlorobenzene 

Low Date High Date 
M-l 
iMIlllll 
M-3 17 4/87 17 4/87 
M-4 
M-5 
M-6 
S-l 
S-2 
S+3 
A 2.2 3/82 2.2 3/82 

B 3.8 5/85 3.8 5/85 110 4/87 300 5/85 

C 
0 
E ' 
F 
0 
B 
NO.l 
NO.2 
NO.3 
NO.4 
NO.5 
NO. 10 
NO.lt 2.9 3/82 2.9 3/82 
NO. 12 10 5/85 375 3/82 26.9 3/82 300 5/85 

NO.13 
NO 16 
NO.18 
NO.J9 32 3/82 32 3/82 
WOC-1M 22 3/82 22 3/82 6 3/82 6 3/82 
WCCMD 36 3/82 36 3/82 

WCC-2 
WCC-2M 43 3/82 43 3/82 
WCC-3M 
WCC-3D 
WCC-4S 
WCC-4M 43 3/82 43 3/82 
WCC-5S 129 3/82 129. 3/82 
WCC-6S 42 3/82 42 3/82 101 3/82 122 3/82 32 3/82 115 3/82 

WCC-6M : 3.2 3/82 3.2 3/82 
WC06D 27 3/82 27 3/82 
WCC-7M 37 3/82 37 3/82 34 3/82 34 3/82 3.8 3/82 3:8 3/82 

WCC-9S 
WCC-9M 
WCC-9D 24 3/82 >'24' 3/82 
WCC-llS 175: 3/82 175 3/82 4.2 3/82 4.2 3/82 4.5 3/82 65 4/87 

WCCM1MN 
WCC-11DC 
WCC-I2M 900 4/87 1100 11/88 

WCC-13 
WCC-14S 
WCC-15SE 11.6 3/82 24 5/85 100 5/85 580 4/87 

WCC-lSM 
WCC-15D 17.2 3/82 17.2 3/82 3.9 3/82 3.9 3/82 

WCC-16S 
L-1A 
L-2 A-257  
L-3 
L4 



Wells 

Bis(2-ethylhexyl)phthalate 

Low Date High Date 

1,2-dichloropropane 

Low Date High Date 

Chlorobenzene 

Low Date High Date 
L-5 
T-l 
DEP-1 
DEP-2 290 4/87 460 11/88 
DEP-4 
DW-1S 22 11/88 22 11/88 
DW-1D 
DW-2S 
DW-3S 
DW-3D 
DW4S 
DW-4D 
DW-SS 290 11/88 290 11/88 
DW-5D 59 11/88 59 11/88 
DW-6S 
BW-6D 
DW-7S 
DW-7D 580 11/88 580 11/88 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 60 3/82 60 3/82 

A-258 



Wells 

Trans-1,2-dichloroethylene 

Low Date High Date 

Ethylbenzene 

Low Date High Date 

Total xylenes 

Low Date High Date 

1,1,1-trichioroethane 

Low Date High Date 
M-l 2.6 3/82 2.6 3/82 
M-2 17 3/82 17 3/82 10 3/82 10 3/82 3.7 3/82 3.7 3/82 
M-3 30 4/87 30 4/87 
M-4 
M-5 
M-6 
S-l 
S-2 
S-3 
K 26.4 3/82 26.4 3/82 3.9 3/82 3.9 3/82 9.4 3/82 9.4 3/82 
9 110 4/87 110 4/87 22 4/87 22 4/87 
C 
D 
E 
F 
0 
B 
NO.l 
NO.2 
NOJ 
NO.* 
NO. 5 
NO. 10 
NO. It 12 3/82 12 3/82 5.3 3/82 5.3 3/82 
NO. 12 925 3/82 925 3/82 330 3/82 330 3/82 1190 3/82 1190 3/82 38 3/82 38 3/82 
NO,13 
NO. 16 
NO. 18 
NO. 19 
WCC-1M 32 4/87 32 4/87 
WCC-1D 
WCC-2 
WCC*2M 
WCC-3M . ' V 
WCC-3D 
WCC-4S 
WCC-4M 
WCC-5S 81 3/82 81 3/82 
WCC-6S 26.3 3/82 185 3/82 60 3/82 82 3/82 116 3/82 185 3/82 56 3/82 2200 3/82 
WCC-6M 4.9 3/82 4.9 3/82 
WCC-6D 
WCC-7M 3.1 3/82 3.1 3/82 5.4 3/82 5.4 3/82 7.2 3/82 7.2 3/82 
WCC-9S 
WCC-9M 
WCC-9D 2.7 3/82 2.7 3/82 
WCC-11S 24 4/87 31 3/82 6.4 3/82 16 4/87 6.8 3/82 6.8 3/82 
WCC-UMN 23 3/82 23 3/82 6 3/82 6 3/82 9.3 3/82 9.3 3/82 
WCC-llDC 2.5 3/82 2.5 3/82 
WCC-12M 1600 4/87 1600 4/87 50 11/88 50 11/88 
WCC-13 
WCC-14S 
WCC-15SE 131 3/82 131 3/82 14.1 3/82 68 4/87 42 3/82 \ 42 3/82 
WCC-I5M 
WCC-15D 41 3/82 41 3/82 12.4 3/82 12.4 3/82 30 3/82 30 3/82 
WCC-16S 
L-1A 
L-2 
L-3 A-259  
L4 



Wells 

T rans-1,2-dichloroethylene 

Low Date High Date 

Ethylbenzene 

Low Date High Date 

Total xylenes 

Low Date High Date 

1,1,1 -trichloroethane 

Low Date High Date 
L-5 
T-l 
D£P-1 4 4/87 4 4/87 
DEP4 46 4/87 46 4/87 72 4/87 87 11/88 
OEP-4 
DW-1S 
DW.1D 
DW-2S 
DW-3S 
DW-3D 
DW-4S 
DW-4D 
DW-5S 26 11/88 26 11/88 
DW-5D 10 11/88 10 11/88 
DW-6S 12 11/88 12 11/88 
DW-6D 12 11/88 12 11/88 
DW-7S 40 11/88 40 11/88 
DW-7D 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 , •• 

TB-1 
TB-2 
TB-3 0.9 4/87 0.9 4/87 
TB-4 
MB 

I  

I  

I  
A-260 



I  

I  

I  

Wells 

T richloroethy lene 

Low Date High Date 

Crysene 

Low - Date High Date 

1,3-dichlorobenzene 

Low Date High Date 

1,4-dichlorobenzene 

Low Date High Date 
M-l 24 3/82 24 3/82 
M-2 14 11/88 20.3 3/82 
M-3 7 4/87 7 4/87 
M-4 
M-5 
M4 ' 80 11/88 80 11/88 
S-l 
S-2 

Wmmmi 
illlllll 72 4/87 72 4/87 
B 
C 
D 
E-
F 

Wllllill 
a 
NO.l 
NO.2 
N0.3 
NO.4 
N0.5 
NO. IB 
NO.lt 2.3 3/82 2.3 3/82 
NO. 12 1230 3/82 1230 3/82 
N0.J3 
NO. 16 
NO.18 
NO 19 
WCC-tM 19 11/88 38 3/82 
wec-n>. 
WCC-2 
WCC4M . 
WCC-3M 
WCC+3D 
WCC-4S 
WCC»4M 
WCC-5S 
WCCN6S 524 3/82 524 3/82 24 3/82 24 3/82 21 3/82 21 3/82 21 3/82 21 3/82 
WCC-6M 
WCC.6D 17 4/87 17 4/87 
WCC-TM 
WCC-9S 
WCC-9M 190 4/87 190 : 4/87 
WCC-9D 5.3 3/82 5.3 3/82 
WCC-llS 
WCC-11MN 12.9 3/82 12.9 3/82 
WCC-llDC 
WCC-I2M 
WCC-13 
WCC-14S 
WCC-15SE 
WCOI5M 17 4/87 17 4/87 
WCC-15D 
WCC-16S 
L-1A 
L-2 A-261  
L-3 
L4 



Wells 

T richloroethylene 

Low Date High Date 

Crysene 

Low 'Date High Date 

1,3-dichlorobenzene 

Low Date High Date 

1,4-dichlorobenzene 

Low Date High Date 

L-5 
T-l 47 4/87 47 4/87 

DEP4 6 4/87 ; 6 4/87 

DEP-2 
DEP-4 
DW-JS 
DW-ID 10 11/88 10 11/88 

DW-2S 
DW-3S 
DW-3D 
DW4S 
DW-4D 
DW-5S 
DW-5D 38 11/88 38 11/88 
DW-6S 
DW-6D 
DW-7S 59 11/88 59 11/88 
DW-7D 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 

A-262 



Wells 

Hexachlorobenzene 

Low Date High Date 

Hexachlorobutadiene 

Low Date High.. Date 

n-N itrodiphenylamine 

Low Date High Date 

Benzidene 

Low Date High Date 

Dimethylphthalate 

Low Date High Date 
M-l 

M-3 
M-4 
M-5 

*1111111 
iliiiiiiii 
S-2 
S*3 
A 
B 
C 
0 
E 
F 
G 
S 
NO.l 
NO.2 
NOJ 
NO.* 
NO.5 
NO. 10 
NO.lt 
NO. 12 182 3/82 182 3/82 208 3/82 208 3/82 
NO,13 
NO. 16 
NO. 18 
NO.19 
WCC-tM 
WCC-ID 
WCC-2 
WCC-2M 
WCC-3M 
WCC-3D 
WCC-4S 
WCC-4M 
WCC-5S 
WCC-6S 53 3/82 53 3/82 73 3/82 73 3/82 24 3/82 471 3/82 26 3/82 26 3/82 
WCC-6M 
WCC-6D 
WCC-7M 
WCC-9S 
WCC-9M 
WCC-9D 34 3/82 34 3/82 
WCC-I1S 93 3/82 93 3/82 
WCCM1MN 
WCC-llDC 
WCCM2M 
WCC-13 
WCC-14S 
WCC-15SE 
WCC-15M 
WCC-15D 
WCC-16S 
L-1A 
L-2 
L-3 
L-4 



Wells 

Hexachlorobenzene 

Low Date High Date 

Hexachlorobutadiene 

Low Date High Date 

n-N itrodiphenylamine 

Low Date High Date 

Benzidene 

Low Date High Date 

Dimethylphthalate 

Low Date High Date 

L-5 
T-l 
DEP. I 
DEP-2 
DEP4 
DW-1S 
DW-ID 
DW-2S 
DW-3S 
DW-3D 
DW-4S 
DW-4D 
ow-ss 
DW-5D 
DW4S 
DW-4D 
OW-7S 
DW-7D 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 

A-264 



Wells 

t>is(2-chloroethoxy) 
methane 
Low Date High Date 

Naphthalene 

Low Date -High Date 

Nitrobenzene 

Low Date High Date 

l-N itrosodi-n-
jropylamine 
Low Date High Date 

1-chloronaphthalene 

Low Date High Date 

M-l 
wmmmm 
M-3 
M-4 
M-5 
M-e 
s*i 
S-2 
S.3 
K 
B 
C 
D 
S 
F 
0 
8 
NO.l 
NO.2 
£0.3 
NO.* 
N0.5 
NO. 10 
N0.lt 
NO. 12 41 3/82 41 3/82 41 3/82 41 3/82 182 3/82 182 3/82 182 3/82 182 3/82 102 3/82 102 3/8'. 

NO. 13 
NO. 16 
NO. 18 
NO. 19 
WCC-1M 
WCC-4D 
WCC-2. 
WCC-2M 
WCC-3M 
WCC-3D 
WCC-4S 
WCC«4M 
WCC-5S 
WCC^S 
WCC-6M 
WCC.6D 
WCC-7M 
WCC-9S 
WCC-9M 
WCC-9D 
WCC-J1S 

WCC-11DC 
WCC-I2M 
WCC-13 
WCC-14S 
WCC-15SE 
WC055M 
WCC-15D 
WCCM6S 
L-1A 
L-2 
L-3 A ifi ̂ 
L4 



Wells 

bis(2-chioroetho*y) 
methane 
Low Date High Date 

Naphthalene 

Low Date High Date 

Nitrobenzene 

Low Date High Date 

n-Nitrosodi-n-
propylamine 
Low Date High Date 

2-chloronaphthalene 

Low Date High Dak 

L-5 
T-l 
DEP-1 
DEP-2 
DEF4 
DW-1S 
DW-ID 
DW-2S 
0W-3S 
0W-3D 
DW-4S 
DW-4D 
DW*5S 
0W-5D 
DW-6S 
0W-6D 
PW-7S 
DW-7D . 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 

A-266 



c 

Wells 

Chloroform 

Low Date High Date 

Icenaphthene / 

.ow Date High Date 

^cenaphthylene 1 

P 
.ow Date High Date 

[exachlorocyclo- V 
entadiene 
.ow Date High Date 

'inyl cloride 

.ow Date High Date 

M-l 
M-2 
M-3 
M-4 
M-5 
M-A 
s-t 
S-2 
S*3 
A 
B 

7 4/87 7 4/87 

C 
0 
E 
F 
0 
e 
NO.l 
NO.2 
NO.3 1 5/85 1 5/85 

NO.* 
NO.5 
NO. 10 
NO. 11 
NO.12 125 3/82 125 3/82 

N0.13 
NO. 16 
NO. 18 
NO. 19 
WCC-1M 
WCC-1D 
WCC-2 
WCG»2M 
WCC-3M 
WCC-3D 
WCC-4S 
WCC*4M 
WCC-5S 
WCC-6S 1070 3/82 1070 3/82 23 3/82 23 3/82 46 3/82 46 3/82 184 3/82 184 3/82 

WCC-6M 
WCC-6D 
WCC-7M 
WCC-9S 

WCC-9D 
WCC-I1S 

: 7 4/87 7 4/87 

WCCM1MN 
WCC-I1DC 
WCC-12M 
WCC-13 
WCC-14S 
WCC-15SE 
WCOI5M 
WCC-15D 
WCCM6S 
L-1A 
L-2 
L-3 A - 9 A 7  
L-4 ' 



Wells 

Chloroform 

Low Date High Date 

Acenaphthene 

Low Date Hig^ Date 

Acenaphthylene 

Low Date High Date 

Hexachlorocyclo-
pentadiene 
Low Date High Date 

Vinyl cloride 

Low Date High Da -.: 

L-5 
T-l 2 5/85 2 5/85 
DEJM 4 4/87 4 .4/87 
DEP-2 200 4/87 200 ; 4/87 
DEP-4 
DW-1S 
DW-1D 
DW-2S 
DW-3S 
DW-3D 
DW-4S 
DW-4D 
OW-SS 
DW-5D 
DW-6S 
DW-6D 
DW-7S 11 1/88 11 1/88 
DW-7D 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 16 4/87 16 4/87 
FB-4 
TB-1 31 4/87 31 4/87 
TB-2 
TB-3 6 4/87 6 4/87 
TB-4 
MB 

A-268 



Wells 

Chloromethane 

Low Date High Date 

T richlorofluoromethane 
, 

Low Date High Date 

. ,2-dichloroethane 
total) 
Low Date High Date 

T etrachloroethene 

Low Date High Date 

M-l 

M-3 
M-4 
M-5 
M-« 
S*t 
S-2 
S»3 
A 
B 220 5/85 220 5/85 

C 2 4/87 2 4/87 

O 
E . 
F . 
0 
S 
NO.l 
NO.2 
NO.3 
NO.* 
N0.5 
HQ. 10 
NO. 11 
NO. 12 500 5/85 500 5/85 

NQ.13 
HO. 16 
NO. 18 
NO.19 
WCC-1M 
WCCMD 
WCC-2 
WCC.2M 
WCC-3M 
WCC-3D 
WCC-4S 

•HB 
WCC-5S 
WCC4S 
WCC-6M 
WCC-6D 
WCC-7M 
WCC-9S 
mvsmmm 
WCC-9D 
WCC-JIS 
WCCM1MN 
WCC-11DC 
WCC-12M 400 11/88 400 11/88 

WCC-13 
WCC-14S 
WCC-15SE 1600 5/85 1600 5/85 

9 4/87 9 4/87 
WCC-15D 
WCCM6S 
L-1A 
L-2 A- °69  -

L-3 
L4 



Wells 

Chloromethane 

Low Date High Date 

T richlorofluoromethane 

Low Date High Date 

1,2-dichloroethane 
(total) 
Low Date High Date 

T etrachloroethene 

Low Date High Date 
L-5 
T - l  
PHM 
DEP-2 48 11/88 48 11/88 

DEP4 
DW-1S 
PW-ID 10 11/88 10 11/88 

DW-2S 
DW-3S 
DW-3D 
PW-4S 
DW-4D 
DW-5S 
DW-5D 34 11/88 34 11/88 18 11/88 18 11/88 
DW-6S 
DW-6D 
DW-7S 56 11/88 56 11/88 24 11/88 24 11/88 
DW-7D 
SAY-PRO A 
PA-05 3 4/87 3 4/87 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 2 4/87 2 4/87 
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T richloroethene ,3-dichloropropene 

Wells Low Date High Date Low. Date High Date 

M-l 
iiiiiailiili 
M-3 
M-4 
M-5 
M-6 
S-l 
S-2 
S*3 
A 
B 48 5/85 48 5/85 6 5/85 6 5/85 

C 
O 
E 
F 
0 
8 
NO.l 
NO.2 
NO.3 
NO.4 
NO,5 
NO. 10 
NO,11 
NO. 12 120 5/85 120 5/85 

NO.13 
NO. 16 
NO. 18 
NO 19 
WCC-1M 
WCC-lD 
WCC-2 
WCC-2M 
WCC-3M 
WCC-3D 
WCC-4S 
WCC.4M 
WCC-5S 
WCC4S 
WCC-6M 
WCC-6D 
WCC-7M 
WCC-9S 

WCC-9D 
WCC-1IS 
WCCMtMN 
WCC-I1DC 
WCC-12M 
WCC-13 
WCC-14S 
WCC-15SE 340 5/85 340 5/85 
WCC.15M 
WCC-15D 
WCC-16S 
L-1A 
L-2 
L-3 A-272 
L-4 



Trichloroethene 1,3-dichloropropene 

Wells Low Date High Date Low*  Date  H igh  Date  
L-5 
T - l  33 5/85 33 5/85 
DEIM 
DEP-2 
DEF-4 
DW-1S 
DW-tD 
DW-2S 
DW-3S 
DW-3D 
DW-4S . 
DW-4D 
DW-SS 
DW-5D 
DW48 
tm-m 
DW-7S 
DW-7D 
SAY-PRO A 
PA-05 

FB-1 
FB-2 
FB-3 
FB-4 
TB-1 
TB-2 
TB-3 
TB-4 
MB 
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APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES 

Method 
Detection 

Parameter Uni ts Limit CPS-DW-5D CPS-DW-5S CPS-WCC-5S CPS-WCC-6M CPS-UCC-6S CPS-DW-7D CPS-DW-7S CPS-DW-8D CPS-DW-8S CPS-WCC-11M CPS-DW-12 
Collection Date 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 

VOLATILE ORGANIC COMPOUNDS 
Chloromethane K g/L 10 10 10 10 10 10 10 10 10 10 10 10 
Bromomethane M g/L 10 10 10 10 10 10 10 10 10 10 10 10 
Vinyl Chloride A 9/L 10 10 10 10 10 10 10 10 10 10 10 10 
Chloroethane /tg/L 10 10 10 10 10 10 10 10 10 10 10 10 
Methylene Chloride lia/L 5 5 5 5 5 5 5 5 5 5 5 5 
T r i chIorofIuoromethane /tg/L 10 10 10 10 10 10 10 10 10 10 10 10 
Acrolein /t 9/L 100 100 100 100 100 100 100 100 100 100 100 100 
Acrylonitrile /t g/L 35 35 35 35 35 35 35 35 35 35 35 35 
1,1-D i chIoroethene /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
1,1-Dichloroethane /t g/L 5 5 5 5 5 5 5 5 5 5 5 5 
1,2-DichIoroethene (total) /tg/L 5 5 5 5 4 5 5 5 5 5 5 5 
Chloroform /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
1,2-D i chIoroethane /tg/L 5 5 5 5 5 5 3 5 5 5 5 5 
1,1,1-Trichloroethane /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
Carbon Tetrachloride /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
BromodichIoromethane /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 

^ 2-Chloroethylvinylether /tg/L 10 10 10 ' 10 10 10 10 10 10 10 10 10 
i 1,2-Dichloropropane /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
cis-1f3-Dichloropropene /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
Trichloroethene /tg/L 5 5 5 5 6 5 5 5 5 5 5 5 
Benzene /tg/L 5 5 3 5 5 5 5 5 5 5 5 5 
t rans-1,3-D i chIoropropene /»g/L 5 5 5 5 5 5 5 5 5 5 5 5 
Di bromochloromethane /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
1,1,2-Tr i chIoroethane /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
Bromoform /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
Tetrachloroethene /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
1,1,2,2-Tet rachIoroethane /tg/L 5 5 5 5 5 5 5 5 5 5 5 5 
Toluene /tg/L 5 5> 5 5 5 5 5 5 5 5 5 5 
Chlorobenzene /tg/L 5 5 13 5 5 5 35 5 5 5 5 5 
Ethylbenzene /tg/L 5 5 5 5 5 5 7 5 5 5 5 5 

METALS -

Cadmium /tg/L 10 10 10 10 21.2 10 10 10 10 10 29.8 10 
Copper /tg/L 25 36.5 25 128 494 25 25 25 36 25 25.7 47.9 
Lead /tg/L 3 7.8 3 24.6 100 51 3 3 11.1 5.5 3 13.4 
Zinc /tg/L 20 415 26600 1220 3830 320 106 120 7760 1350 26400 4180 
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APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES 

Method 
Detection 

Parameter Uni ts Limit CPS-WCC-1M CPS-MI-02 CPS-MU-3D CPS-MU-3S CPS-MW-4S CPS-MW-4D CPS-FB-01 CPS-TB-01 
Collection Date 3/20/90 3/20/90 3/20/90 3/20/90 3/20/90 3/20/90 3/20/90 3/20/90 

VOLATILE ORGANIC COMPOUNDS 
Chloromethane M9/L 10 10 10 10 10 10 10 10 10 
Bromomethane /ig/L 10 10 10 10 10 10 10 10 10 
Vinyl Chloride tig/L 10 10 10 10 10 10 10 10 10 
Chloroethane 119/ L 10 10 10 10 10 10 10 10 10 
Methylene Chloride MB/L 5 5 5 5 5 5 5 7 5 
T r i chIorofIuoromethane M B/L 10 10 10 10 10 10 10 10 10 
Acrolein M9/L 100 100 100 100 100 100 100 100 100 
Acrylonitrile M9/L 35 35 35 35 35 35 35 35 35 
1,1-Dichloroethene M 9/L 5 5 5 5 5 5 5 5 5 
1,1-D i chloroethane M9/L 5 5 5 5 5 5 5 5 5 
1,2-Dichloroethene (total) M 9/L 5 8 5 5 5 5 5 5 5 
Chloroform M 9/L 5 5 5 5 5 5 5 5 5 
1,2-Dichloroethane m g/L 5 20 5 5 5 5 5 5 5 
1,1,1 -Tr i chIoroethane M9/L 5 5 5 5 5 5 5 5 5 
Carbon Tetrachloride M9/L 5 5 5 5 5 5 5 5 5 
BromodichIoromethane M 9/L 5 5 5 5 5 5 5 5 5 
2-Chloroethylvinylether M9/L 10 10 10 10 10 10 10 10 10 
1,2-D i chIoropropane M9/L 5 5 5 5 5 5 5 5 5 
cis-1,3-Dichloropropene M9/L 5 5 5 5 5 5 5 5 5 
Trichloroethene M9/L 5 11 5 5 5 5 5 5 5 
Benzene M 9/L 5 5 5 5 5 5 5 5 5 
t rans-1,3-D i chIoropropene M9/L 5 5 5 5 5 5 5 5 5 
D ibromochIoromethane M9/L 5 5 5 5 5 5 5 5 5 
1,1,2-Trichloroethane H9/L 5 5 5 5 5 5 5 5 5 
Bromoform M9/L 5 5 5 5 5 5 5 5 5 
Tetrachloroethene M9/L 5 5 5 5 5 5 5 5 5 
1,1,2,2-Tetrachloroethane M9/L 5 5 5 5 5 5 5 5 5 
Toluene M9/L 5 5 5 5 5 5 5 5 5 
Chlorobenzene M9/L 5 5 5 5 5 5 5 5 5 
Ethylbenzene M9/L 5 5 5 5 5 5 5 5 5 

METALS 
Cadmium M9/L 10 10 11300 10 10 10 10 10 NA 
Copper M9/L 25 25 9800 25 25 25 25 33 NA 
Lead M9/L 3 6.5 1668 3 3 3 3 3 NA 
Zinc M 9/L 20 638 1900000 752 562 403 530 393 NA 



APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES 

Method 
Detection 

Parameter Uni ts Limit CPS-WCC-12 CPS-WCC-13 CPS-WCC-15M CPS-WCC-16VS CPS-FB-02 CPS-TB-02 CPS-MI-T1 CPS-DEP-4 CPS-MI-07 CPS-DW-9D 
Collection Date 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/22/90 3/22/90 3/22/90 3/22/90 

VOLATILE ORGANIC COMPOUNDS 
Chloromethane MB/L 10 10 10 10 10 10 10 10 10 10 10 
Bromomethane A 9/L 10 10 10 10 10 10 10 10 10 10 10 
Vinyl Chloride M9/L 10 19 10 10 10 10 10 10 10 10 10 
Chloroethane M9/L 10 10 10 10 10 10 10 10 10 10 10 
Methylene Chloride M9/L 5 5 5 5 5 5 5 5 5 5 5 
T ri chIorofIuoromethane M9/L 10 10 10 10 10 10 10 10 10 10 10 
Acrolein M9/L 100 100 100 100 100 100 100 100 100 100 100 
Acrylonitrile A9/L 35 35 35 35 35 35 35 35 35 35 35 
1,1-D i chIoroethene A9/L 5 5 5 5 5 5 5 5 5 5 5 
1,1-D i chIoroethane M9/L 5 5 5 5 5 5 5 5 5 5 5 
1,2-DichIoroethene (total) M9/L 5 91 5 5 5 5 5 5 5 5 5 
Chloroform A9/L 5 5 5 5 5 5 5 5 5 5 5 
1,2-Dichloroethane M9/L 5 11 5 9 5 5 5 57 5 5 5 
1,1,1-TrichIoroethane M9/L 5 5 5 5 5 5 5 5 5 5 5 
Carbon Tetrachloride M9/L 5 5 5 5 5 5 5 5 5 5 5 
B romod i chIoromethane A9/L 5 5 5 5 5 5 5 5 5 5 5 
2-Chloroethylvinylether M g/L 10 10 10 10 10 10 10 10 10 10 10 
1,2-Dichloropropane A9/L 5 5 5 5 5 5 5 5 5 5 5 

7" cis-1,3-Dichloropropene M9/L 5 5 5 5 5 5 5 5 5 5 5 
M Trichloroethene M9/L 5 5 5 5 5 5 5 8 5 5 5 

Benzene ll 9/L 5 40 5 5 91 5 5 5 5 5 5 
trans-1,3-DichIoropropene M9/L 5 5 5 5 5 5 5 5 5 5 5 
D ibromochIoromethane C9/L 5 5 5 5 5 5 5 5 5 5 5 
1,1,2-Trichloroethane 09/L 5 5 5 5 5 5 5 5 5 5 5 
Bromoform M9/L 5 5 5 5 5 5 5 5 5 5 5 
Tetrachloroethene pg/L 5 5 5 5 5 5 5 5 5 5 5 
1,1,2,2-Tetrachloroethane M9/L 5 5 5 6 5 5 5 5 5 5 5 
Toluene M9/L 5 97 5 5 8 5 5 5 5 5 5 
Chlorobenzene M9/L 5 790 5 5 560 5 5 5 5 5 5 
Ethylbenzene ftg/L 5 16 5 5 27 5 5 5 5 5 5 

METALS 
Cadmi urn M9/L 10 10 10 10 10 10 207 10 10 10 
Copper H9/L 25 25 25 89.4 25 25 NA 217 25 25 25 
Lead M9/L 3 6.6 6.4 15.3 3 3 NA 39.2 3 3 3 
Zinc M9/L 20 42.5 190 5800 346 20 NA 9510 2330 7840 154 



APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES 

Method 

Parameter 
Collection Date 

Units 
Detection 
Limit CPS-DW-9S 

3/22/90 
CPS-DW-10D 
3/22/90 

CPS-DW-13D 
3/22/90 

CPS-DU-13S 
3/22/90 

CPS-DW-14 
3/22/90 

CPS-FB-03 
3/22/90 

CPS-TB-03 
3/22/90 

PA-A-014 

VOLATILE ORGANIC COMPOUNDS 
10 Chloromethane A9/L 10 10 10 10 10 10 10 10 10 

Bromomethane A9/L 10 10 10 10 10 10 10 10 10 
Vinyl Chloride A 9/L 10 10 10 10 10 10 10 10 10 
Chloroethane A9/L 10 10 10 10 10 10 10 10 10 
Methylene Chloride A9/L 5 5 5 5 5 5 92 5 5 
T r i chIorofIuoromethane A9/L 10 10 10 10 10 10 10 10 10 
Acrolein A9/L 100 100 100 100 100 100 100 100 100 
Acrylonitrile A9/L 35 35 35 35 35 35 35 35 35 
1,1-D i chloroethene A9/L 5 5 5 5 5 5 5 5 5 
1,1-D i chloroethane A9/L 5 5 5 5 5 5 5 5 5 
1,2-Dichloroethene (total) A9/L 5 5 5 5 5 5 5 5 5 
Chloroform A9/L 5 5 5 5 5 5 5 5 5 
1,2-D i chloroethane A9/L 5 5 5 5 5 5 5 5 200 
1,1,1-Trichloroethane A9/L 5 5 5 5 5 5 5 5 5 
Carbon Tetrachloride A9/L 5 5 5 5 5 5 5 5 5 
Bromodichloromethane A9/L 5 5 5 5 5 5 5 5 5 
2-Chloroethylvinylether A9/L 10 10 10 10 10 10 10 10 10 
1,2-D i chIoropropane A9/L 5 5 5 5 5 5 5 5 5 
cis-1,3-Dichloropropene A9/L 5 5 5 5 5 5 5 5 5 
Trichloroethene A9/L 5 5 5 5 5 5 5 5 24 
Benzene A9/L 5 5 69 24 28 11 5 5 5 
t rans-1,3-D i chIoropropene A9/L 5 5 5 5 5 5 5 5 5 
D ibromochIoromethane A9/L 5 5 5 5 5 5 5 5 5 
1,1,2-Trichloroethane A9/L 5 5 5 5 5 5 5 5 5 
Bromoform A9/L 5 5 5 5 5 5 5 5 5 
Tetrachloroethene A9/L 5 5 5 5 5 5 5 5 5 
1,1,2,2-Tetrachloroethane A9/L 5 5 5 5 5 5 5 5 5 
Toluene A9/L 5 5 5 5 5 5 5 5 5 
Chlorobenzene A9/L 5 5 590 22 48 5 5 5 5 
Ethylbenzene A9/L 5 5 17 5 5 5 5 5 5 

METALS 
Cadmium A9/L 10 10 10 10 10 10 10 NA 10 
Copper A9/L 25 48.7 25 25 25 25 25 NA 25 
Lead A9/L 3 12.9 3 3 3 3 3 NA 4.1 
Zinc A9/L 20 3750 54.5 184 176 6.16 27.8 NA 5720 
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APPENDIX A-9. PUBLIC HEALTH RISK EVALUATION PROCESS 

INTRODUCTION 

Risk Assessment is an essential component of the Remedial Investigation 
Feasibility Study (RI/FS) process at hazardous waste sites. The 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) and the National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP: the regulation that implements CERCLA), require that actions 
selected to remedy hazardous waste sites be protective of human health and 
the environment. An overview of risk assessment in the RI/FS process is 
presented in the NCP and in the EPA manual Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (USEPA 1988b). A 
baseline risk assessment is conducted as part of the RI to assess site 
conditions in the absence of remedial actions. As part of the FS process, 
risk assessment is used to evaluated the acceptability of proposed remedial 
actions and as a tool in the development of remediation objectives (target 
cleanup levels). 

A preliminary baseline public health risk assessment has been conducted for 
waste sites under evaluation at the CPS/Madison waste site. The public 
health risk assessment at CPS/Madison examines the presence and release of 
chemicals from the sites under investigation, the observed levels of the 
compounds in the environment, the potential routes of exposure to human 
receptors, and the likelihood of adverse health effects following contact 
with contaminated environmental media. A detailed overview of the assessment 
methods used is presented in the following discussion. The focus of this 
evaluation is not an absolute assessment of the risks of exposure to the 
chemicals present at the sites under investigation. Rather, this evaluation 
is an assessment of the relative magnitude of anticipated health problems 
that may be associated with exposure to chemicals detected at the site. The 
intention is to determine if there is a significant threat to human health 
and to assess the need for further site remediation. 

OVERVIEW OF METHODS 

The general approach to public health risk evaluation of exposure to chemical 
contaminants has been well-established. The National Research Council (NRC) 
prepared a comprehensive overview of the structure of this assessment (NRC 
1983) that has become the foundation for subsequent EPA guidance. The Human 
Health Evaluation Manual and the Environmental Evaluation Manual (USEPA 
1989a,b) provide a detailed presentation of the risk assessment process. 
These documents are the Agency's key guidance on risk assessment under the 
Superfund Program. As specified by EPA, the public health evaluation process 
may be divided into four fundamental component analyses: (1) data evaluation 
and hazard identification, (2) exposure assessment, (3) toxicity or hazard 
assessment, and (4) risk characterization. These analyses are briefly 
described in the following sections. 
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Data Evaluation and Hazard Identification 

The first step in the risk assessment process is to obtain and evaluate all 
available data on contaminants present at the sites under investigation. The 
objective is to organize the data into a form appropriate for the baseline 
risk assessment. Once the preliminary data set has been obtained and sorted 
by environmental medium, the following evaluation steps should be completed: 

o Evaluate the analytical methods used to determine if results are 
appropriate for use in quantitative risk assessment. 

o Evaluate the quality of data with respect to sample quantitation 
and detection limits. 

o Examine laboratory qualifiers assigned to monitoring data and 
evaluate potential QA/QC problems. 

o Evaluate the quality of data with respect to blanks, and 
tentatively identified compounds (TICs). 

o Summarize information on background concentrations of chemicals 
and compare with observed levels of site-related contamination. 

o Identify chemicals of potential concern: develop a data set that 
may be appropriately used in the risk assessment process. 

o If appropriate, further limit the number of chemicals to be used 
as the subject of the risk assessment. 

From the full listing of all chemicals identified at a waste site or 
facility, a subset may be identified that is of sufficient quality to be used 
in risk assessment. Representative "highest risk" compounds may be selected 
on the basis of: (1) quantities present at the site; (2) extent of 
environmental contamination, toxicity, or hazardousness; and (3) mobility and 
persistence of the chemical in the environment. This final step is specified 
as optional by EPA, and does not improve the quality or accuracy of the risk 
assessment. It is suggested as a device for facilitating the risk assessment 
process when time and resources prohibit the evaluation of the full (and 
often complex) data set (USEPA 1989a). 

Exposure Assessment 

General Approach and Receptors at Risk 

The objectives of the exposure assessment are to: (1) delineate exposure 
pathways; (2) identify receptors at risk; and (3) measure or estimate for 
each receptor the intensity, duration, and frequency of the exposure. 
Critical to the exposure assessment is a quantification of the releases of 
contaminants of concern to each environmental medium (from all sources at the 
waste site) and an assessment of the transport and transformation of the 
subject compounds. The results of these analyses provide data on the 
magnitude and extent of contamination. Both monitoring data and environmen
tal transport modeling typically are used in the exposure assessment. 
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EPA has specified that actions at hazardous waste sites should be based on 
an estimate of the reasonable maximum exposure (RME1 expected to occur under 
both current and future land-use conditions (USEPA 1989a). EPA defines the 
reasonable maximum exposure as the highest exposure that is reasonably 
expected to occur at a site. RMEs are estimated for individual pathways, and 
combined across across exposure routes if appropriate. 

Once receptors at risk are identified, environmental concentrations at points 
of exposure must be determined or projected. In the evaluation of 
CPS/Madison, exposure concentrations are based completely on the results of 
site monitoring. No transport modeling has been used. Representative 
concentrations for use in risk assessment are taken as the arithmetic mean 
of the sampling results. "Not detected" results were treated as one half the 
limit of detection and included in calculation of the arithmetic mean. 

Dose estimates (in mg/kg/day) are developed for each chemical of concern 
using the representative environmental concentrations (i.e., mean values). 
Estimates of dose are needed in the risk characterization and are generally 
determined as follows: 

Dose = C x CR x EFD x ABS 
BW x AT 

Where 

and, 

C = Chemical concentration in the environmental medium under 
evaluation. 

CR = Contact rate; the amount of contaminated medium contacted 
per unit time or event. 

EFD = Exposure frequency and duration; how long and often 
exposure occurs. 

ABS = Absorption factor 

BW = Body weight; the average over the exposure period. 

AT = Averaging time; the period over which exposure is 
averaged. 

The equation above is used to derive estimates of subchronic or chronic dose 
(lifetime assumed to be 75 years). The chronic dose estimate based on mean 
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concentrations in environmental samples (arithmetic mean) was used as the 
basis of the risk characterization at all sites under investigation. 

Comparison with Applicable or Relevant and Appropriate Requirements 

Once the baseline concentrations of subject chemicals have been determined 
at the waste sites, these levels are compared to applicable or relevant and 
appropriate requirements (ARARs) . CERCLA of 1980 as amended by the Super fund 
Amendments and Reauthorization Act (SARA) of 1986 requires the selection of 
remedial actions at Superfund hazardous waste sites that are protective of 
human health and the environment, cost-effective, and technologically and 
administratively feasible. Section 121 of CERCLA specifies that response 
action must be undertaken in compliance with ARARs established in Federal and 
state environmental laws. 

In the revised National Contingency Plan (NCP: 55 FR 8666) and the guidance 
document CERCLA Compliance with Other Laws Manual (USEPA 1988, 1989d), 
several different types of requirements are identified with which Superfund 
remedial actions must comply: (1) ambient or chemical-specific requirements, 
(2) action-specific requirements, and (3) location-specific requirements. 
Because situations at CERCLA sites vary widely, EPA cannot categorically 
specify requirements that will be ARARs for every NPL site. ARARs can only 
be identified on a site-specific basis (i.e., established in connection with 
the characteristics of the particular site, the chemicals present at the 
site, and the remedial alternatives suggested by the circumstances of the 
site). 

In the RI/FS process, the evaluation of remedial alternatives must consider 
effectiveness, implementability, and cost. Within the context of the effec
tiveness evaluation, chemical-specific ARARs assume major significance. Each 
alternative is evaluated with regard to effectiveness in protecting human 
health and the environment. Effectiveness criteria include protectiveness 
and the envisioned reduction of toxicity, mobility, or volume through 
treatment. 

According to the guidance presented in the revised NCP, protectiveness (i.e. , 
the ability to protect human health and the environment) means that a given 
remedial alternative meets or exceeds ARARs, or other risk-based levels 
established through a risk assessment when ARARs do not exist or are waived. 
(Note that compliance with chemical-specific is not required for interim 
remedies. 55 FR 8666). In the NCP and in the guidance manual on CERCLA 
compliance with other laws (55 FR 8666, USEPA 1988a, 1989d), EPA specifies 
that when ARARs are not available for a given chemical, or where such ARARS 
are not sufficient to be protective, health advisory levels should be 
identified or developed in order to ensure that a remedy is protective. 

For carcinogenic effects, these health advisory or cleanup levels are to be 
selected such that the total risk of all contaminants falls within the 
acceptable range of 10*4 to 10"6. Although the 10"6 risk level is identified 
by EPA as a "point of departure" in evaluating the results of risk 
assessment, the revised NCP clearly indicates that the 10"4 level is the 
upper bound of the acceptable range (55 FR 8666). In cases where 
noncarcinogenie effects are a concern, EPA specifies that cleanup should be 
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based on acceptable levels of exposure as determined by the EPA reference 
doses (RfDs), taking into account the effects of multiple contaminants and 
multiple exposure pathways at the site. 

Therefore, chemical-specific ARARs serve two primary purposes: (1) require
ments that must be met by a selected remedial alternative (unless a waiver 
is obtained), and (2) as a basis for establishing appropriate cleanup levels. 
The public health risk assessment of a given remedial action alternative 
characterizes the actual risk of exposure of human receptors to contaminants 
under investigation. For carcinogens, risk characterization yields a 
probabilistic estimate of the additional lifetime risk of cancer in the 
exposed individual or the incidence of new cases of cancer in populations. 
For noncarcinogens, exposure levels or doses for all subject compounds are 
evaluated to determine levels or doses if these exceed EPA RfDs. When an 
ARAR is available for all subject compounds of concern, and the ARARs are 
determined to be protective, these requirements become the chemical-specific 
cleanup goals. However, as noted above, when ARARs are found not to be 
protective or are not available, the results of the risk assessment (i.e., 
health advisory levels) are used to establish the more stringent target 
cleanup goals. 

Thus, the requirement that a remedial alternative meet chemical-specific 
ARARs does not ensure that the proposed alternative is protective, and 
thereby potentially acceptable. This can be determined only by: (1) .eval
uating the combined carcinogenic risk associated with the ARAR limits for all 
chemicals at a given site (assuming additivity of effect in the absence of 
data on synergism or antagonism); (2) establishing that ARARs do not exceed 
USEPA RfDs for noncarcinogenie effects, and are sufficiently protective when 
multiple chemicals are present; (3) determining whether environmental effects 
(in addition to human health considerations) are adequately addressed by the 
ARARs; and (4) evaluating whether the ARARs adequately cover all significant 
pathways of human exposure identified in the baseline risk assessment. EPA 
has provided guidance on evaluating multiple exposure to chemicals 
(carcinogenic and noncarcinogenic effects) and on establishing acceptable 
exposure levels when no ARARs exist (USEPA 1986c, 1989a). 

Toxicity Assessment 

The objectives of the toxicity or hazard assessment are to evaluate the 
inherent toxicity of the compounds under investigation, and to identify and 
select toxicological measures for use in evaluating the significance of the 
exposure. In the development of these toxicological measures, available 
dose-response data are reviewed on the adverse effects to human and nonhuman 
receptors. Dose-response assessments for noncarcinogens provide an estimate 
of the no-observable-adverse-effect level (NOAEL) or lowest-observable-
adverse-effect level (LOAEL). For carcinogenic compounds, the dose-response 
assessment yields estimates of probability or range of probabilities under 
which a carcinogenic effect will occur at a specified level of exposure. 

In conducting an assessment of risk of exposure to chemicals released from 
waste sites, several toxicity measures of importance may be identified: 
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o RfDs for oral exposure - acceptable intake values for subchronic 
and chronic exposure (noncarcinogenic effects) 

o RfDs for inhalation exposure - acceptable intake values for sub-
chronic and chronic exposure (noncarcinogenic effects) 

o Carcinogenic potency factors for oral exposure 

o Carcinogenic potency factors for inhalation exposure. 

The RfDs and potency factors for oral exposure are the toxicity measures 
needed in the assessment for CPS/Madison. Long-term (i.e., chronic) exposure 
and health risk is the focus of the evaluation at all sites. 

The primary sources of information for these data is the Integrated Risk 
Information System (IRIS) data base. IRIS is a computer-housed catalog of 
EPA risk assessment and risk management information for chemical substances. 
Data in the IRIS system is regularly reviewed and updated monthly. If 
toxicity measures are not available on IRIS, EPA recommends use of the EPA 
ORD Health Effects Assessment Summary Tables (HEAST: FY 1989. USEPA 1989c) 
as the second most current source of information. SAIC has on-line access 
to the IRIS Data Base and receives the quarterly HEAST publications from EPA 
ORD. Therefore, the risk assessment is based on the most up-to-date 
EPA-approved toxicity measures available for waste site evaluation. 

A summary of the toxicity measures used in the evaluation of the waste sites 
at CPS/Madison is presented in Table A-l. Toxicity measures for chronic oral 
and inhalation exposure are used in the baseline risk assessmet. The table 
provides a comprehensive list of RfDs (chronic and subchronic when 
available) , carcinogenic potency factors (oral and inhalation routes) , weight 
of evidence ratings, and sources of information. 

Risk Characterization 

The last step in the baseline public health evaluation is risk characteriza
tion. This is the process of integrating the results of the exposure and 
hazard (toxicity) assessment (i.e., of comparing estimates of dose with 
appropriate toxicological endpoints to determine the likelihood of adverse 
effects in exposed populations). It is common practice to consider risk 
characterization separately for carcinogenic and noncarcinogenic effects. 
This is due to a fundamental difference in the way organisms typically 
respond following exposure to carcinogenic or noncarcinogenic agents. For 
noncarcinogenic effects, toxicologists recognize the existence of a threshold 
of exposure below which there is only a very small likelihood of adverse 
health impacts in an exposed individual. Exposure to carcinogenic compounds, 
however, is not thought to be characterized by the existence of a threshold. 
Rather, all levels of exposure are considered to carry a risk of adverse 
effect. 

The procedure for calculating risk associated with exposure to carcinogenic 
compounds has been established by EPA (USEPA 1986b,c; USEPA 1989a). A non-
threshold, dose-response model is used to calculate a carcinogenic potency 
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TABLE A-1. TOXICITY MEASURES FOR WASTE SITE EVALUATION: INGESTION AND INHALATION PATHWAYS 

COMPOUND 

Noncarcinogenic 
Effects 

Oral Route 
(mg/kg/day) 

RfD-S (a) RfD-C <b) 

Noncarc i nogenic 
Effects Carcinogenic 

Inhalation Route Noncarcinogenic Potency Factor (q1*): 
Source (mg/kg/day) Source Effect of Oral Exposure Source 
(Oral) RfD-S (a) RfD-C (b) (Inhal.) Concern (mg/kg/day)-1 (Oral) 

Carcinogenic 
Potency Factor (q1*): 
Inhalation Exposure 
(mg/kg/day)-1 

Source 
(Inhal.) 

INORGANICS 

Cadmium - - 5.00E-04 d - - 5.00E-04 d, j Kidney O
 

m
 + o
 
o
 

[B1] d 
Copper 3.70E-02 3.70E-02 d,e - - 3.70E-02 d,e, j GI Tract, Blood 
Lead - - 1.40E-03 d,m - - 1.40E-03 d, j CNS, Kidney 
Zinc 2.00E-01 2.00E-01 d 2.00E-01 d,j GI Tract 

ORGAN ICS 

Acrolein . . . . 1.00E-03 1.00E-04 d Lung, Kidney [C] 
Acrylonitrile - - — - - - - Lung, CNS 5.40E-01 [B1] d 2.40E-01 [B1] d 
Benzene - - 3.60E-04 s - - - - Hematopoietic Sys. 2.90E-01 [A] d 2.90E-01 [A] d 
Bromodi chIoromethane - - 2.00E-02 c - - - - Liver, Kidney, CNS 1.30E-01 CB2] d 
Bromoform 2.00E-01 2.00E-02 d 2.00E-01 2.00E-02 d, j Liver 7.90E-03 CB2] d 
Bromomethane 1.00E-02 1.00E-03 d 6.00E-02 6.00E-02 d CNS 
Carbon Tetrachloride 7.00E-03 7.00E-04 d 7.00E-03 7.00E-04 d, j Liver 5.20E-02 CB2] d 1.30E-01 [B2] d 
Chlorobenzene 2.00E-01 2.00E-02 d 5.00E-02 5.00E-03 d Liver, Kidney 
Chloroform 1.00E-02 1.00E-02 d 1.00E-02 1.00E-02 d, j Liver, Kidney, CNS 6.10E-03 CB2] d 8.10E-02 [82] d 
Chloroethane 1.00E+00 1.00E-01 d»t 1.00E+00 1.00E-01 d,t Liver, Kidney, CNS 
Chioromethane - - - - - - - - Liver, Kidney, CNS 1.30E-02 [C] d 6.30E-03 CC1 d 
D i bromochloromethane 2.00E-01 2.00E-02 d - - - - L i ver 
1,1-Dichloroethane 1.00E+00 1.00E-01 d 1.00E+00 1.00E-01 d Liver, Kidney, CNS 9.10E-02 CB2] d 9.10E-02 CB2] d.j 

> 1,2-Dichloroethane 1.00E+00 1.00E-01 d.h 1.00E+00 1.00E-01 d.h Liver, Kidney, CNS 9.10E-02 [B2] d 9.10E-02 CB2] d 
to 1,1-Dichloroethylene 9.00E-03 9.00E-03 d - - - -

d.h 
Liver, Kidney, CNS 6.00E-01 CB2] d 1.20E+00 [B2] d 

oo 1,2-Dich.loroethylene 9.00E-03 9.00E-03 d.f - - ' - - Liver, Kidney, CNS 
1,2-Dichloropropane - - - - - - - - Liver, Kidney, CNS ? 6.80E-02 [B2] d [B2] 
1,3-Dichloropropene 3.00E-03 3.00E-04 d 1.00E-02 1.00E-02 d L i ver 1.80E-01 [B2] d 
Ethylbenzene 1.00E+00 1.00E-01 d - - - - Skin, Liver, Kidney 
Methylene Chloride 6.00E-02 6.00E-02 d 6.00E-02 6.00E-02 d, j Liver, Kidney, CNS 7.50E-03 [B2] 4.TOE-07 [B2] d 
1,1,2,2-Tet rachIoroethane - - - - - - - - L i ver 2.00E-01 [C] d 2.00E-01 [C] d 
Tetrachloroethylene 1.00E-01 1.00E-02 d 1.00E-01 1.00E-02 d,i Liver, Kidney, CNS 5.10E-02 [B2] d 3.30E-03 [B2] d 
Toluene 4.00E-01 3.00E-01 d 2.00E+00 2.00E+00 d CNS 
1,1,1-Trichloroethane 9.00E-01 9.00E-02 d 3.00E+00 3.00E-01 d CNS, Lung, Kidney 
1,1,2-Trichloroethane 4.00E-02 4.00E-03 d 3.00E+00 3.00E-01 d,p CNS, Lung, Kidney 5.70E-02 [C] d 5.70E-02 CC] d 
Trichloroethylene 1.00E-01 1.00E-02 d,g 1.00E-01 1.00E-02 c.k.j Liver, Kidney, CNS 1.10E-02 [B2] d 1.70E-02 CB2] d 
T r i chIorofIuoromethane 3.00E+01 3.00E+01 d,r - - - - CNS 
Vinyl Chloride - - 1.30E-03 q - - - - Blood, Liver, CNS 2.30E+00 [A] d 2.95E-01 [A] d 

a. RfD=Reference dose for subchronic (short-term) exposure. ' 
b. RfD=Reference dose for chronic (long-term) exposure. 
c. IRIS DATA BASE 
d. USEPA ORD Health Effects Assessment Summary Tables (HEAST) FY 1989, 4th Quarter. 
e. RfD derived from the USEPA drinking water standard as listed in USEPA 1989 HEAST 2nd Quarter report. 
f. In the absence of toxicity data, the RfDs for 1,1-Dichloroethylene have been adopted for 1,2-Dichloroethylene. 
g. In the absence of toxicity data, the RfDs for PCE have been adopted for TCE. 
h. In the absence of toxicity data, the RfDs for 1,1-Dichloroethane have been adopted for 1,2-Dichloroethane. 
j. RfDs or potency factors for the oral exposure route have been used in the absence of toxicity data for the inhalation route, 
k. In the absence of toxicity data, the reference dose for tetrachloroethylene is used for trichloroethylene. 
m. Reference dose for lead is under evaluation by EPA. The RfD listed is this table has been used in the absence of a more recent toxicity measure, 
p. In the absence of toxicity data, the inhalation RfDs for 1,1,1-Dichloroethane have been adopted for 1,1,2-Dichloroethane. 
q. Reference dose for vinyl chloride was derived from the EPA ODW longer-term drinking water health advisory, 
r. In the absence of toxicity data, the reference dose for trichlorotrifluoromethane has been adopted. 
s. RfD for chronic exposure to 70 kg adult derived from EPA ADI of 0.025 mg/day. Drinking Water Criteria Document for Benzene (USEPA 1985), EPA ODW. 
t. In the absence of toxicity data, the reference doses for 1,1-dichloroethane has been adopted. 



factor (which mathematically is the slope of the dose-response curve) for 
each chemical. To derive an estimate of risk, the carcinogenic potency 
factor (qi* - defined below) is then multiplied by the estimated chronic 
daily dose experienced by the exposed individual: 

Risk = CDI x 

where 

and, 

Risk «= Upper bound estimate of the excess lifetime cancer risk 
to an indivdual (unitless probability). 

CDI = Chronic daily dose averaged over a 70 year period 
(mg/kg body weight/day) 

q!* = 95% upper-bound estimate of the slope of the dose-response 
curve (mg/kg body weight/day)"1 

The slope factor q/ is used to convert estimates of daily intake or dose 
averaged over a lifetime, to incremental excess risk of an individual 
developing cancer. EPA notes that use of this equation assumes that the 
dose-response relationship is linear in the low-dose portion of the 
multistage model dose-response curve (USEPA 1989a: A linearized multistage 
dose response model is most commonly used by EPA in deriving the slope 
estimates.) Given this assumption, the slope factor is a constant and risk 
is directly proportional to intake. 

EPA indicates that use of the linear equation (above) for risk estimation is 
valid only at risk levels < 1 x 10"2. The Agency recommends use of the 
following equation (based on the "one-hit" model of carcinogenesis) as an 
alternative at sites where exposure and intakes are projected to be quite 
high, and risk levels may exceed 1 x 10"2. 

Risk = 1 - exp(-CDI x qi) 

In evaluating risk of exposure to more than one carcinogen, the risk measure 
for each compound may be summed (in the absence of information on antagonis
tic or synergistic effects) to provide an overall estimate of total car
cinogenic risk (USEPA 1989a). 
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RiskT = ^Riski 
i=l 

where 

RiskT = The combined excess lifetime cancer risk across chemical 
carcinogens. 

and, 

Risk,- - The risk estimate for the ith chemical of n chemicals under 
evaluation. 

This is conducted for each source of environmental release, associated 
exposure pathway, and receptor group at risk of exposure. Population risks 
are derived by multiplying the overall risk level (summed for all subject 
chemicals) by the number of people exposed. This would yield a measure of 
the additional incidence of developing cancer (i.e. , additional number of new 
cases) in the exposed population over a lifetime (i.e., 70 years) of 
exposure. 

The traditionally accepted practice of evaluating exposure to noncarcinogenie 
compounds has been to experimentally determine a NOAEL and to divide this by 
a safety factor to establish an acceptable human dose, for example, accept
able daily intake or RfD (NRC 1983) . The RfD is then compared to the average 
daily dose experienced by the exposed population to obtain a measure of 
concern for adverse noncarcinogenic effects: 

HQ Dose 
RfD 

where 

HQ Hazard Quotient: potential for adverse noncarcinogenic 
effects 

Dose «= average daily dose for subchronic or chronic exposure 
(mg/kg body weight/day) 

and, 

RfD acceptable intake for subchronic or chronic exposure 
(mg/kg body weight/day) 
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Dose and the RfD are expressed in the same units and are based upon common 
exposure periods (i.e., chronic, subchronic, or shorter-term). If HQ is > 1, 
then there may be potential for adverse noncarcinogenic effects at the given 
exposure/dose level. Guidelines for evaluating exposure to mixtures of 
nonearcinogens is presented by EPA (USEPA 1986b, USEPA 1989a). Essentially, 
this involves summing the hazard quotient (ratios of daily dose/RfD) for all 
chemicals under evaluation. If the sum of these ratios, called the Hazard 
Index (HI) is > 1, then there is the potential for adverse noncarcinogenic 
effects. Under these circumstances, EPA recommends segregating the compounds 
into groups of like or common toxicological effects, and again to evaluate 
the potential for manifestation of the various adverse health effects 
identified. 
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APPENDIX B. TECHNOLOGY DESCRIPTIONS 

Solidification 

o In-situ Vitrification 

In-situ vitrification is a technology being developed for 
the stabilization of transuranic contaminated wastes, and has 
conceivable applicable to other hazardous wastes. Several 
laboratory-scale and pilot-scale tests have been conducted, and a 
large-scale testing system is currently being fabricated. The 
technology is based upon electric melter technology, and the 
principle of operation is joule heating, which occurs when an 
electrical current is passed through a molten mass. Contaminated 
soil is converted into durable glass, and wastes are paralyzed or 
crystallized. Off-gases released during the melting process are 
trapped in an off-gas hood. The depth of the waste is a 
significant limiting factor in the application of this 
technology. 

o Solidification/Stabilization 

Solidification and stabilization are terms which are used to 
describe treatment systems which (1) improve waste handling or 
other physical characteristics of the waste, (2) decrease the 
surface area across which transfer, of contaminants can occur 
and/or (3) limit the solubility or toxicity of contaminants. 
Solidification is used to describe processes where these results 
are obtained primarily, but not exclusively, by production of a 
monolithic block of waste with high structural integrity. The 
contaminants do not necessarily interact chemically with the 
solidification reagents, but are mechanically locked within the 
solidified matrix. Contaminant loss is minimized by reducing the 
surface area. Stabilization methods usually involve the addition 
of materials which limit the solubility or mobility of waste 
constituents even though the physical handling characteristics of 
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the waste may not be improved. Methods involving combinations of 
solidification and stabilization techniques are often used. The 
state-of-the-art of solidification/stabilization methods is 
advancing rapidly. Many manufacturers are marketing processes 
which involve the use of various combinations of alkaline earth 
materials often together with organic polymers and proprietary 
chemicals. 

o Cement-based Solidification 

Cement-based solidification involves mixing the wastes 
directly with Portland cement. The waste is incorporated into 
the rigid matrix of the hardened concrete. The end product may 
be a standing monolithic solid or may have a crumbly, soil-like 
consistency, depending upon the amount of cement added. 

Most hazardous wastes slurried in water can be mixed 
directly with cement and the suspended solids will be 
incorporated into the rigid matrix. Although cement can 
physically incorporate a broad range of waste types, most wastes 
will not be chemically bound and are subject to leaching. Cement 
solidification is most suitable for immobilizing metals because 
at the pH of the cement mixture, most multivalent cations are 
converted into insoluble hydroxides or carbonates. 

There are many disadvantages to cement-based solidification. 
Metal hydroxides and carbonates are insoluble only over a narrow 
pH range and are subject to solubilization and leaching in the 
presence of even mildly acidic leaching solutions (i.e., rain). 
Portland cement alone is not effective in immobilizing organics. 
Cement-based solidification results in wastes that are twice the 
weight and volume of the original material thereby increasing 
transportation and disposal costs. Some wastes are incompatible 
with cement such as some sodium salts (i.e., arsenate, borate, 
phosphate, iodate, and sulfide), salts of magnesium, tin, zinc, 
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copper, and lead, organic matter, some silts and clays, coal and 
lignite. The major advantage of the method is its low cost and 
the use of readily available mixing equipment. 

o Silicate-Based Solidification 

Silicate based processes refer to a very broad range of 
solidification and stabilization methods which use a siliceous 
material together with lime, cement, gypsum, and other suitable 
setting agents. Extensive research is currently underway on the 
use of siliceous compounds in solidification. Many of the 
available processes use proprietary additives and claim to 
stabilize a broad range of compounds. The basic reaction is 
between the silicate material and polyvalent metal ions. The 
silicate material which is added in the waste may be fly-ash, 
blast furnace slag or other readily available materials. Soluble 
silicates such as sodium silicate or potassium silicate are also 
used. The polyvalent metal ions which act as initiators of 
silicate precipitation and/or gelation come either from the waste 
solution, an added settling agent, or both. The setting agent 
should have low solubility, and a large reserve capacity of 
metallic ions so that it controls the reaction rate. Portland 
cement and lime are most commonly used because of their ready 
availability. However, gypsum, calcium carbonate, and other 
compounds containing aluminum, iron, magnesium are also suitable. 
The solid which is formed in these processes varies from a moist, 
clay-like material to a hard-dry solid similar in appearance to 
concrete. There are a number of silicate-based processes which 
are currently available or in the research stages. 
Manufacturers' claims differ significantly in terms of the 
capabilities of these processes for stabilizing different waste 
constituents. 

One of the major limitations with silicate based processes 
is that a large amount of water which is not chemically bound 
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will remain in the solid after solidification. In open air, the 
liquid will leach until it comes to some equilibrium moisture 
content with the surrounding soil. Because of this water loss, 
the solidified product is likely to require secondary 
containment. 

Commercial cement mixing and handling equipment can 
generally be used for silicate-based processes. A number of 
mobile, trailer mounted systems are available. 

o Sorbents 

Sorbents include a variety of natural and synthetic solid 
materials which are used to eliminate free liquid and improve the 
handling characteristics of wastes. Commonly used natural 
sorbent materials include fly ash, kiln dust, vermiculite, and 
bentonite. Synthetic sorbent materials include activated carbon 
which sorbs dissolved organics, Hazorb (Dow Chemical) which sorbs 
water and organics and Locksorb (Redecca Corporation) which is 
reportedly effective for all emulsions. 

Sorbents are widely used to remove free liquid and improve 
waste handling. Some sorbents have been used to limit the escape 
of volatile organic compounds. They may also be useful in waste 
containment when they modify the chemical environment and 
maintain the pH and redox potential to limit the solubility of 
wastes. Although sorbents prevent drainage of free water, they 
do not necessarily prevent leaching of waste constituents and 
secondary containment is generally required. Equipment 
requirement for addition and mixing of sorbents are simple. 

o Thermoplastic Solidification 

Thermoplastic solidification involves sealing wastes in a 
matrix such as asphalt bitumen, paraffin, or polyethylene. The 
waste is dried, heated, and dispensed through a heated plastic 
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matrix. The mixture is then cooled to form a rigid but 
deformable solid. Bitumen solidification is the most widely used 
of the thermoplastic techniques. 

Thermoplastic solidification involving the use of an asphalt 
binder is most suitable for heavy metal or electroplating wastes. 
Relative to the cement solidification, the increase in volume is 
significantly less and the rate of leaching significantly lower. 
Thermoplastics are not affected significantly by either water or 
microbial action 

There are a number of waste types which are incompatible 
with thermoplastic solidification. Oxidizers such as 
perchlorates or nitrates can react with many of the 
solidification materials to cause an explosion. Some solvents 
and gases can cause asphalt materials to soften and never become 
rigid. Xylene and toluene diffuse quite rapidly through asphalt. 
Salts that partially dehydrate at elevated temperatures can be a 
problem. Sodium sulfate hydrate, for example, will loose some 
water during asphalt incorporation and if the waste asphalt mix 
containing the partially dehydrated salt is soaked in water, the 
mass will swell and crack due to rehydration. This can be 
avoided by eliminating easily dehydrated salts or coating the 
outside of the waste/asphalt mass with pure asphalt. Chelating 
and complexing agents can cause problems with containment of 
heavy metals. Certain wastes, such as tetraborates, and iron and 
aluminum salts can cause premature solidification and plug up the 
mixing machinery. 

High equipment and energy costs are principal disadvantages 
of thermoplastic solidification. Another problem is that the 
plasticity of the matrix-waste mixture generally require that 
containers be provided for transportation and disposal of 
materials which greatly increases the cost. Thermoplastic 
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solidification requires specialty equipment and highly trained 
operators to heat and mix the wastes and solidifier. The common 
range of operating temperatures is 130 to 230 degrees centigrade. 
The energy intensity of the operation is increased by the 
requirement that the wastes be thoroughly dried before 
solidification. 

o Surface Microencapsulation 

Surface encapsulation includes those methods which 
physically microencapsulate wastes by sealing them in an organic 
binder or resin. Surface encapsulation can be accomplished using 
a variety of approaches. 

A process developed by Environmental Protection Polymers 
involves the use of 1,2-polybutadiene and polyethylene to produce 
a microencapsulated waste block onto which a high density 
polyethylene (HDPE) jacket is fused. The 1,2-polybutadiene is 
mixed with particulated waste which-yields, after solvent 
evaporation, free flowing dry resin-coated particulates. The 
resulting polymers are resistent to oxidative and hydrolytic 
degradation and to permeation by water. The next step involves 
formation of a block of the polybutadiene/waste mixture. In the 
final step, a 1/4 inch thick HDPE jacket is mechanically and 
chemically locked to the surface of the microencapsulated waste. 
An alternative process developed by the same company involves a 
similar approach. Contaminated solids or sludges are loaded into 
a high density polyethylene overpack. A portable welding 
apparatus in then used to spin weld a lid onto the container 
forming a seam free encapsulate. 

Another encapsulation method uses an organic binder to seal 
a cement-solidified mass. United States Gypsum Company 
manufactures a product called Envirostone Cement which is a 
special blend of high-grade polymer modified-gypsum cement. 
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Emulsifiers and ion exchange resins may be added along with the 
gypsum cement which hydrates to form a freestanding mass. A 
proprietary organic binder is used to seal the solidified mass. 
The process can be used to stabilize both organic and inorganic 
wastes. 

The major advantage of encapsulation processes is that the 
waste material is completely isolated from leaching solutions. 
These methods can be used for both organic and inorganic waste 
constituents. They allow for efficient space utilization during 
transport, storage and disposal. The hazard of accidental spills 
during transport is eliminated. Encapsulation materials are 
commercially available, very stable chemically, nonbiodegradable, 
mechanically tough and flexible. They can withstand the 
mechanical and chemical stresses of a wide range of disposal 
schemes. 

The disadvantages of encapsulation techniques include the 
high cost of the binding resins and that the processes are energy 
intensive. In addition skilled labor is required to operate 
molding and fusing equipment. 

o Vitrification 

Vitrification of wastes involves combining the wastes with 
molten glass at a temperature of 1,350 degrees centigrade or 
greater. There are some processes that allow temperatures as low 
as 850 degrees centigrade. 

Vitrification is quite costly and so far has been restricted 
to radioactive or very highly toxic wastes. To be considered for 
vitrification, the wastes should be either stable or totally 
destroyed at the process temperature. 
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Vitrification offers the greatest degree of containment of 
all the common solidification methods. Most resultant solids 
have an extremely low leach rate. Some glasses, such as borate-
based glasses, have high leach rates and exhibit some water 
solubility. The high energy demand and requirements for 
specialized equipment and trained personnel greatly limit the use 
of this method. 

Bioreclamation 
Microorganisms, like all living organisms, require specific 

inorganic nutrients (i.e., nitrogen, phosphate-phosphorus, trace 
metals), and a carbon and energy source to survive. 
Bioreclamation relies upon microbial metabolic activity to 
convert toxic substances to a more desirable form. Indigenous 
microorganisms can generally be relied upon to degrade a wide 
range of compounds given an adequate living conditions. 
Specially adapted or genetically manipulated microorganism are 
also available. The technology of in-situ bioreclamation 
involves implementing methods to optimize environmental 
conditions to the subsurface to enhance microbial activity. This 
can include an injection well, an infiltration system or other 
techniques to provide oxygen, provide nutrients, control 
temperature or modulate any other parameter that can enhance 
microbial activity. 

Bioreclamation cam be expected to reduce the concentration 
of only those organic compounds which are amenable to biological 
degradation. These are compounds that are either substrates for 
microbial growth and metabolism, or are cometabolically broken 
down as the microorganism uses another primary substrate as its 
carbon and energy source. Microbial metabolic activity can be 
classified into three main categories: aerobic respiration, in 
which oxygen is required as a terminal electron acceptor; 
anaerobic respiration, in which sulfate or nitrate serves as a 
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terminal electron acceptor; and fermentation, in which the 
microorganism rids itself of excess electrons by exuding reduced 
organic compounds. 

The bioreclamation method that has been most developed for 
in-situ treatment is one which relies on aerobic (oxygen 
requiring) microbial processes. For most compounds, the most 
rapid and complete degradation occurs aerobically. It can be 
generalized that for the degradation of petroleum hydrocarbons, 
aromatics, halogenated aromatics, polyaromatic hydrocarbons, 
phenols, halophenols, biphenyls, organophosphates, and most 
pesticides and herbicides, aerobic bioreclamation techniques are 
most suitable. Extensive data on the biodegradabilities of 
substances can be found in the literature. Relative aerobic 
biodegradability of compounds can also be estimated using 
laboratory data associated with biological, chemical and ultimate 
oxygen demand (i.e., BOD, COD, UOD). In most instances, 
treatability studies are required to determine degradability of 
specific contaminants. 

Aerobic bioreclamation has been demonstrated to be effective 
in degrading organics at more than 30 spill sites. Although it 
has not yet been demonstrated at hazardous waste sites, it can be 
expected to be effective and reliable provided the organics are 
amenable to aerobic degradation and the hydraulic conductivity of 
the aquifer is sufficiently high. There are substantial research 
data to suggest that microorganisms found at uncontrolled 
hazardous waste sites are well-acclimated to the wastes. 

Anaerobic treatment is generally not as promising for site 
remediation as aerobic treatment. Anaerobic processes are 
slower; fewer compounds can be degraded, and the logistics of 
rendering a site anaerobic have not been developed to date. 
Anaerobic degradation under reducing conditions appears to be the 
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most suitable process for halogenated lower molecular weight 
hydrocarbons, such as unsaturated alkyl halides like PCE and TCE, 
and saturated alkyl halides like 1,1,1-trichloroethane and 
trihalomethane. Some lower molecular weight halogenated 
hydrocarbons, will only degrade anaerobically. 

Relative to conventional pump and treat methods, 
bioreclamation may be more effective since it is capable of 
degrading organics sorbed to soils. Sorbed organics are not 
removed using conventional pump and treat methods. 

Chemical Treatment 

Chemicals can be used to immobilize, mobilize (for 
extraction) or detoxify subsurface organic and inorganic 
contaminants. Technologies placed in the category 
"immobilization" include precipitation, chelation, and 
polymerization. The category encompassing methods for mobilizing 
contaminants for extraction is termed "soil flushing." Flushing-
agents include surfactants, dilute acids and bases, and water. 
Detoxification techniques include oxidation, reduction, 
neutralization, and hydrolysis. These categories do not define 
the limits of each technology, as a technique implemented 
primarily for one objective may simultaneously perform one or 
more others. 

In-situ chemical treatment covers a wide range of methods. 
Generalizations regarding the feasibility and effectiveness of 
these methods are not possible. However, all these methods are 
developmental or conceptual and none have been fully demonstrated 
for hazardous waste site remediation. Off all the methods that 
will be described, soil flushing methods involving the use of 
water surfactants appear to be the most feasible for organics. 
They can use relatively cheap, innocuous treatment reagents, can 
be used to treat a broad range of waste constituents, and do not 
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result in toxic degradation products. The most feasible methods 
for treating inorganics in-situ include soil flushing with dilute 
acids, chelating agents or other treatment agents which will 
mobilize the metals. 

The feasibility of an in-situ chemical treatment approach is 
dictated by site geology and hydrology, soil characteristics, and 
waste characteristics. Since the application of many chemical 
in-situ treatment techniques to hazardous waste disposal site 
reclamation is conceptual or in the developmental stage, there is 
little hard data available on the specific site characteristics 
that may limit the applicability of each method. Some of the 
site and soil characteristics considered important in evaluating 
the treatment applicability are as follows: 

o Site location/topography 

o Slope of site-degree and aspect 

o Soil, type and extent 

o Hydraulic properties and conditions 

o Climatological factors 

The chemical treatment approaches generally involve the 
delivery of a fluid to the subsurface. Therefore, the same 
factors that limit the use of injection/extraction wells, drains, 
or surface gravity application systems will limit the 
applicability of most in-situ chemical treatment approaches. 
Minimal permeability requirements must be met if the treatment 
solution is to be delivered successfully to the contaminated 
zone. Sandy soils are far more amenable to in-situ treatment 
than clayey soils. Further, the contaminated groundwater must be 
contained within the treatment zone. Measures must be taken to 
ensure that treatment reagents do not migrate and, of themselves, 
become contaminants. Care must be taken during the extraction 
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process not to increase the burden of contaminated water by 
drawing uncontaminated water into the treatment zone from the 
aquifer or from hydraulically connected surface waters. 

Potential chemical reaction of the treatment reagents with 
the soils and wastes must be considered. Most hazardous waste 
disposal sites contain a mix of contaminants. A treatment 
approach that may neutralize one contaminant may render another 
more toxic or mobile; for example, chemical oxidation will 
destroy or reduce the toxicity of many toxic organics, but 
chromium III, if present, will oxidize to the more toxic and 
mobile chromium VI state. The permeability of soils may be 
reduced by the treatment approach. In soils high in iron or 
manganese; for example, oxidizing the subsurface could result in 
the precipitation of iron and manganese oxides and hydroxides, 
which could clog the delivery system and the aquifer. 

o Soil Flushing 

Soil flushing (i.e., solvent flushing, ground leaching, or 
solution mining) is an extraction process that washes organic and 
inorganic contaminants from the soil. Water or an aqueous 
solution is injected into the area of contamination, and the 
contaminated elutriate is pumped to the surface for removal, 
recirculation, or on-site treatment and reinjection. During 
elutriation, sorbed contaminants are mobilized into solution, 
formation of an emulsion, or by chemical reaction with the 
flushing solution. Solutions with the greatest potential for use 
in soil flushing are (1) water, (2) acids-bases, (3) complexing 
and chelating agents, (4) surfactants and (5) reducing agents. 
Soil flushing may involve the recycling of elutriate through the 
contaminated material, with make-up solvent being added to the 
system while a fraction of the elutriate stream is routed to a 
wastewater treatment system. 
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Water can be used to flush water-soluble or water-mobile 
organics and inorganics. Hydrophilic organics are readily 
solubilized in water. Organics amenable to water flushing can be 
identified according to their soil/water partition coefficient, 
or estimated using the octanol/water coefficient. High 
solubility organics, such as lower molecular weight alcohols, 
phenols, and carboxylic acids very amenable to this technique. 
Medium solubility organics which could be effectively removed 
from soils by water flushing include low to medium molecular 
weight ketones, aldehydes, and aromatics, and lower molecular 
weight halogenated hydrocarbons. Inorganics which can be flushed 
from soil with water are soluble salts such as the carbonates of 
nickel, zinc, and copper. Adjusting the pH with dilute solutions 
of acids or bases will enhance inorganic solubilization and 
removal. 

Dilute solution of acids have been widely used in industrial 
processes to extract metal ions. Solutions of sulfuric, 
hydrochloric, nitric, phosphoric, and carbonic acid are used in 
industrial applications to dissolve basic metal salts. However, 
because of the toxicity of many acids, it is desireable to use 
weak acids for in-situ treatment. Acidic solutions may serve to 
flush some basic organics such as amines, ethers, and anilines. 

Complexing and chelating agents may also find use in a 
solution mining removal system for heavy metals. Chelating 
agents used for in-situ treatment must result in a stable metal-
chelate complex which is resistant to decomposition and 
degradation. Another possibility for mobilizing metals which are 
strongly adsorbed to manganese and iron oxides in soils is to 
reduce the metal oxides, resulting in release of the heavy metal 
solution. Chelating agents or acids can then be used to keep the 
metals in solution. 
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Surfactants can be used to improve the solvent property of 
the recharge water, emulsify nonsoluble organics, and enhance the 
removal of hydrophobic organics sorbed onto soil particles. 
Surfactants improve the effectiveness of contaminant removal by 
improving both the detergent properties of aqueous solutions and 
the efficiency by which organics may be transported by aqueous 
solutions. Surfactant washing is among the most promising of the 
in-situ chemical treatment methods. 

Numerous environmentally safe and relatively inexpensive 
surfactants are commercially available. Use of surfactants to 
date has been restricted to laboratory research. Most of the 
research has been performed by the petroleum industry for 
tertiary oil recovery. Aqueous surfactants have also been 
proposed for gasoline cleanup. In a study performed by the Texas 
Research Institute for the American Petroleum institute, a 
mixture of an anionic and nonionic surfactants result in 
contaminant recovery of up to 40 percent. In a laboratory study 
conducted by Ellis and Payne, crude oil recovery was increased 
from less than 1 percent to 86 percent, and PCB recovery was 
increased from less than 1 percent to 68 percent when soil 
columns were flushed with an aqueous surfactant solution. 

o Immobilization (see in-situ. containment) 
o Detoxification 

Detoxification techniques are treatments that destroy, 
degrade, or otherwise reduce the toxicity of contaminants. The 
techniques include neutralization, hydrolysis, 
oxidation/reduction, enzymatic degradation, and permeable 
treatment beds. The techniques are applicable to specific 
chemical contaminants, therefore, uses of these in-situ 
techniques at waste sites will be limited. 
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Neutralization involves injecting dilute acids or bases into 
the groundwater to adjust the pH. This pH adjustment can serve 
as pretreatment prior to in-situ biodegradation, oxidation, or 
reduction. It can be used to neutralize acidic or basic plumes 
that need no other treatment, or to neutralize groundwater 
following another treatment. It an also be used during 
oxidation, reduction, or precipitation to prevent the formation 
of toxic gases including hydrogen sulfide and hydrogen cyanide. 

The pH adjustment can also be used to increase the . 
hydrolysis rate of certain organics. The rate of hydrolysis an 
be increased up to one order of magnitude for a change of one 
standard unit in pH. Classes of compounds with potential for in-
situ degradation by hydrolysis include: esters, amides, 
carbamates, phosphoric and phosphonic acid esters, and 
pesticides. Because a hydrolysis product may be more toxic than 
the present compound, the pathways for reactions must be 
determined to ensure toxic products are not produced. A 
collection system should be incorporated as a fail safe measure 
with this technique to prevent migration of the treatment 
reagents and any contaminants which are not successfully treated. 

Oxidation and reduction reactions serve to alter the 
oxidation state of a compound through loss or gain of electrons, 
respectively. Such reactions can detoxify, precipitate, or 
solubilize metals, and decompose, detoxify, or solubilize 
organics. Oxidation may render organics more amenable to 
biological degradation. Oxidation/reduction techniques are 
standard wastewater treatment approaches, but their application 
as in-situ treatment technologies is conceptual. 

Oxidation of inorganics in soils, is for all practical 
purposes limited to oxidation of arsenic and possibly some lead 
compounds. The in-situ oxidation of arsenic compounds with 
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potassium permanganate has been used to successfully reduce the 
arsenic concentrations in groundwater in Germany. Three 
oxidizing agents, of the large number that are available, have 
been considered potentially useful in the in-situ detoxification 
of organics in groundwater and soil: hydrogen peroxide, ozone, 
and hypochlorites. Each can react with a broad range of organics 
and could potentially oxidize a number of different organic 
contaminants in a hazardous waste site. Selection of the 
appropriate oxidizing agent is dependent in part upon the 
substance or substances to be detoxified, but also upon 
feasibility of delivery and environmental safety. Although there 
are some compounds that will not react with hydrogen peroxide but 
will react with ozone or hypochlorite, hydrogen peroxide appears 
to be the most feasible for in-situ treatment. 

Ozone gas is a very strong oxidizing agent that is very 
unstable and extremely reactive. It cannot be shipped or stored; 
therefore, it must be generated on-site. Ozone rapidly 
decomposes and its half-life in groundwater is only 18 minutes. 
Ozone is used in the treatment of drinking water, municipal 
wastewater, and industrial waste, but has never been used in the 
treatment of contaminated soils or groundwater. 

Hypochlorite, generally available as potassium, calcium, or 
sodium hypochlorite (bleach) is also used in the treatment of 
drinking water, municipal wastewater, and industrial waste. 
Hypochlorites have never been used in the treatment of 
contaminated groundwater or soils. The reaction of many organics 
with hypochlorite results in the formation of chlorinated 
organics which can be as more toxic than the original 
contaminant. The formation of lower molecular weight chlorinated 
organics in drinking water form hypochlorite treatment for 
disinfection purposes has become a major concern of the drinking 
water industry. 
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Hydrogen peroxide, a moderate strength chemical oxidant, is 
used routinely in municipal wastewater treatment to control 
various factors of biological treatment, and is also used in 
industrial waste treatment to detoxify cyanide and various 
organic pollutants. Hydrogen peroxide is commercially available 
in aqueous solutions of several concentrations and is miscible in 
water at all concentrations. It has been delivered successfully 
in dilute solutions to the subsurface as an oxygen source in a 
bioreclamation project. 

Chemical reduction does not appear to be as promising as 
oxidation for the treatment of organics. Its effectiveness in 
soils has not been demonstrated. Chemical reduction does, 
however, appear promising for treatment of chromium and selenium 
in soils. The in-situ reduction of hexavalent to divalent 
chromium has been accomplished in Arizona well water using minute 
quantities of reducing agent. 

There are a number of disadvantages with the use of 
oxidizing and reducing agents which limit their use at hazardous 
waste sites. The treatment compounds are non-specific and this 
may result in degradation of non-targeted compounds. There is a 
potential, particularly with oxidation, for the formation of more 
toxic or more mobile degradation products. Also, the 
introduction of these chemicals into the groundwater system may 
create a pollution problem in itself. 

Enzymatic degradation of organics with cell-free enzymes 
holds potential as a possible in-situ treatment technique. 
Purified enzyme extracts, harvested from microbial cells, are 
commonly used in industry to catalyze a variety of reactions, 
including the degradation of carbohydrates and proteins. A 
bacterial enzyme preparation has been used to detoxify 
organophosphate waste from containers. Parathion hydrolase has 
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been tested under field conditions in the degradation of the 
pesticide diazinon and has been found to effectively reduce 
concentrations in soil. 

Permeable treatment beds are essentially excavated trenches 
placed perpendicular to groundwater flow and filled with an 
appropriate material to treat the plume as it flows through the 
material. Some of the materials that may be used in the 
treatment bed are limestone, crushed shell, activated carbon, 
glauconitic green sands, and synthetic ion exchange resins. 
Permeable treatment beds have the potential to reduce the 
quantities of contaminants present in leachate plumes. The 
system is applicable to relatively shallow groundwater tables 
containing a plume. To date, the application of permeable 
treatment beds at hazardous waste sites has not been performed. 

Physical In-situ Methods 

A number of methods are currently being developed which 
involve physical manipulation of the subsurface in order to 
immobilize or detoxify waste constituents. These technologies, 
which include in-situ heating, vitrification and ground-freezing, 
are in the early stages of development and detailed information 
is not available. 

o Heating 

In-situ heating has been proposed as a method to destroy or 
remove organic contaminants in the subsurface through thermal 
decomposition, vaporization, and distillation. Methods 
recommended for in-situ heating are steam injection and radio 
frequency heating. 

The radio frequency heating process has been under 
development since the 1970s. Field experiments have been 
conducted for the recovery of hydrocarbons. The method involves 



laying a row of horizontal conductors on the surface of a 
landfill and exciting them with an RF generator through a 
matching network. The decontamination is accomplished in a 
temperature range of 300 to 400 degrees centigrade, assisted with 
steam, and requires a residence time of about two weeks. A gas 
or vapor recovery system is required on the surface. Excavation, 
mining, drilling, or boring is not required. This method appears 
very promising for certain situations involving contamination 
with organics, although more research is necessary. 

o Freezing 

Artificial ground freezing involves the installation of 
freezing loops in the ground and a self-contained refrigeration 
system that pumps coolant around the freezing loop. Although 
never used in an actual waste contaminant operation, the 
technology is being used increasingly as a construction method in 
civil engineering projects. Artificial ground freezing is done 
not on the waste itself, which may have a freezing point much 
lower than that of the soil systems, but on the soil surrounding 
the hazardous waste. It renders the soil practically 
impermeable, but is useful only as a temporary treatment approach 
because of the thermal maintenance expense. 

o Vitrification (In-situ) 

See discussion in-situ containment technologies. 

Soil Washing 

Soil washing is a process whereby excavated contaminated 
soil is washed with water to remove the contamination from the 
soil grains into the washwater. Chemical agents such as 
surfactants or chelants can be added to the washwater to increase 
the efficiency of contaminant removal. There is little or no 
actual experience with washing of excavated soil at hazardous 
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waste sites in the United States. A few projects in the planning 
stages are reported. The soil-washing process has been used in 
several installations in Holland and West Germany. The process 
has been the subject of a U.S. EPA research program since about 
1982, and at least one private firm (ECOVA) in the U.S. is 
attempting to market the process. In Europe soil-washing 
facilities are reported in Germany and the Netherlands. 

The soil washing process consists of the following steps. 
First, the soil feed is screened to remove debris. The soil is 
then mixed with washwater in measured proportions. It is washed 
or scrubbed to obtain intensive contact between the soil grains 
and the washwater. Energy may be introduced into the mixture by 
high-pressure water jets, vibration devices, and/or other means. 
Next the washed soil is separated out of the washwater. Coarse 
soil particles can be separated in a trammel or vibrating screen 
device; finer sand separated in a sedimentation tank; and silt in 
a hydrocyclone or centrifuge device-. The resulting fine soil and 
contaminated water mixture must then be treated for final 
disposal of solids and recycling of the water. 

! 

Soil-washing works successfully to clean coarse-grained 
soils of a wide range of organic and inorganic contaminants. It 
removes most water-soluble volatile organics and other highly 
mobile hydrophilic compounds from soil. The soil-washing process 
has great difficulty removing from fine-grained soils those 
organics and inorganic compounds which do not readily separate 
from the soil to water. There is a minimum soil grain size below 
which soil-washing cannot effectively remove metals and most 
nonvolatile and semivolatile organics. The addition of chelants 
and surfactants will somewhat reduce the minimum soil grain size 
which can be successfully cleaned. The addition of the chemicals 
to the washwater complicates the later treatment of the washwater 
for recycle or disposal. 
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Despite the lack of U.S. experience and limited European 
experience with soil-washing there is nothing to imply 
reliability problems. The eguipment used for soil-washing is 
similar to equipment routinely used in the sand, gravel, and ore-
processing industry. Good reliability is likely the soil-washing 
equipment is designed for the site soil and if properly 
maintained. 

Thermal Destruction 

Thermal destruction is a treatment method which uses high 
temperature oxidation under controlled conditions to degrade a 
substance into products that generally include carbon dioxide, 
water vapor, sulfur dioxide, nitrogen oxides, hydrogen chloride 
gas and ash. The hazardous products of the thermal 
destruction/incineration include all the previously mentioned 
products expect carbon dioxide and water vapor, plus incomplete 
products of combustion and they require air pollution equipment 
to control their release. Thermal destruction methods can be 
used to destroy organic contaminants in liquid, gaseous and solid 
waste streams. The most common incineration technologies 
applicable to hazardous waste sites are rotary kiln, multiple 
hearth, fluidized bed and liquid incineration. Advanced 
incineration technologies include molten salt, wet air oxidation, 
plasma arc torch, circulating bed, high temperature fluid wall, 
pyrolysis, supercritical water, electric tube reactor and 
vertical tube reactor. Many of these advanced technologies show 
promise and have been demonstrated to varying degrees, with a 
wide range of applicabilities, limitations and reliabilities. 
They are not presented here for conciseness and to allow focus on 
the most significant incineration technologies. However, they 
are well documented in the literature and should be evaluated if 
thermal treatment is included in the remedial action. 
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o Rotary Kiln 

Rotary kilns are capable of handling a wide variety of solid 
and liquid wastes. They are cylindrical, refractory-line shells 
that are fueled by natural gas, oil, or pulverized coal. Most of 
the heating of the waste is due to heat transfer with the 
combustion product gases and the walls of the kiln. The basic 
type of rotary kiln incinerator, consists of a kiln and an 
afterburner. 

Wastes are injected into the kiln at the higher end and are 
passed through the combustion zone as the kiln rotates. The 
rotation creates turbulence and improves combustion. Rotary 
kilns often employ afterburners to ensure complete combustion. 
Most rotary kilns are equipped with a wet scrubber for acid gas 
and possibly particulate emission control. 

Rotary kilns are capable of burning wastes in any physical 
form. They can incinerate solids and liquids independently or in 
combination and can accept waste feed without any preparation. 
Wastes that have been treated in rotary kilns include PCBs, tars, 
obsolete munitions, polyvinyl chloride, and bottoms from solvent 
reclamation operations. Because of their ability to handle waste 
in any physical form, and their high incineration efficiency, 
rotary kilns are the preferred method for treating mixed 
hazardous solid residues. 

Rotary kilns are susceptible to thermal shock, which 
necessitates very careful maintenance. The need additional air 
due to leakage, have high particulate loadings, relatively low 
thermal efficiency and a high capital cost. 

o Multiple Hearth 

Multiple hearth incinerators consist of a refractory lined 
steel shell, a.rotating central shaft, a series of solid flat 
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hearths, a series of rabble arms with teeth for each hearth, an 
air blower, waste feeding and ash removal systems, and fuel 
burners mounted on the walls. They also have an afterburner and 
can have liquid waste burners, and side ports for tar injections. 

The multiple hearth incinerator an be used for the disposal 
of all forms of combustible materials, including sludges, tars, 
solids, liquid and gases. The incinerator is best suited for 
sludge destruction. Solid waste often requires pretreatment such 
as shredding and sorting. It can treat the same wastes as the 
rotary kiln provided that solids are pretreated. The principal 
advantages of multiple hearth incineration include high residence 
time for sludge and low volatile materials; the ability to handle 
a variety of sludges; the ability to evaporate large amounts of 
water; high fuel efficiency and the utilization of a variety of 
fuels. 

Multiple hearth units are susceptible to thermal shock. 
They are unable to handle wastes that produce and ash which fuses• 
into large rock-like structures and wastes requiring very high 
temperatures. Control of the firing of supplemental fuels in 
difficult. This type of incinerator has high maintenance and 
operating costs. 

o Fluidized Bed 

Fluidized bed incinerators consist of a cylindrical vertical 
refractory lined vessel containing a bed of inert granular 
material, usually sand on a perforated metal plate. Combustion 
air is introduced through a plenum at the bottom of the 
incinerator and rises vertically fluidizing the bed and 
maintaining turbulent mixing of bed particles. Waste material is 
injected into the bed and combustion occurs within the bubbling 
bed. Heat is transferred from the bed into the injected wastes. 
Auxiliary fuel is usually injected into the bed. Since the mass 
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of the heated, turbulent bed is much greater than the mass of the 
waste, heat is rapidly transferred to the waste materials; a 
residence time of a few seconds for gases and a few minutes for 
liquids is sufficient for combustion. 

The most typical wastes being treated in fluidized beds 
include slurries and sludges. Some waste require pretreatment 
such as drying, shredding and sorting. The fluidized bed can 
handle the same wastes as the rotary kiln. They have been used 
for the disposal of municipal wastewater treatment sludges, oil 
refinery waste, and pulp and paper mill waste. There is only 
limited data on the use of this technology for hazardous waste 
incineration. It has been used for phenolic wastes and methyl 
methacrylate. It is particularly well suited for high-moisture 
wastes, sludges, and wastes containing large quantities of ash. 

The advantages of fluidized bed incineration include simple 
design, minimal NOx formation, long life of the incinerator, high 
efficiency and simplicity of operation. It has the ability to 
trap some gases in the bed, reducing the need for an emission 
control system. The disadvantages included difficulty in 
removing residual materials from the bed, a relatively low 
throughput capacity, and the difficulty of handling residues and 
ash from the bed costs. 

o Liquid Injection 

A liquid incineration system consists of a single or double 
refractory-line combustion chamber and a series of atomizing 
nozzles. Two chamber systems are more common. The primary 
chamber is usually a burner where combustible liquid and gaseous 
wastes are introduced. Noncombustible liquid and gaseous wastes 
are introduced downstream of the burner in the secondary chamber. 
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Liquid injection can be used to destroy virtually any 
pumpable waste. If viscosity precludes atomization, mixing and 
heating can be used to prior to atomization. These units have 
been used in the destruction of PCBs, solvents, still and reactor 
bottoms, polymer wastes, and pesticides. Unlikely candidates for 
destruction include heavy metal wastes and wastes high in 
inorganics. 

Liquid incinerators have no moving parts and require the 
least maintenance of all types of incinerators. The major 
limitations of these units are its ability to incinerate only 
wastes which can be atomized in the burner nozzle and the 
burner's susceptibility to clogging. It also needs supplemental 
fuel. Liquid injection incinerators are highly sensitive to 
waste composition and flow changes. Storage and mixing tanks are 
usually required to ensure a reasonably steady and homogenous 
waste flow. 

Excavation Technologies (contaminated soil only) 

Excavation and removal followed by land disposal or 
treatment are performed extensively in hazardous waste site 
remediation. There are no absolute limitations on the types of 
waste which can be excavated and removed. However, worker health 
and safety weighs heavily in the decision to excavate explosive, 
reactive, or highly toxic waste material. Other factors which 
are considered include the mobility of the wastes, the 
feasibility of on-site containment of in-situ treatment and the 
cost of disposing the waste or rendering it non-hazardous once it 
has been excavated. A frequent practice at hazardous waste sites 
is to excavate and remove contaminant "hot spots" and to use 
other remedial measures for less contaminated soils. Excavation 
and removal is applicable to almost all site conditions, although 
it may become cost-prohibitive at great depths or in complex 
hydrogeologic environments. 
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The nature and extent of preventative and mitigative 
measures required for controlling environmental releases during 
excavation and removal are site specific, although there are a 
number of general procedures that apply to all sites. Operating 
areas for staging and treating drummed wastes and contaminated 
soils should at a minimum be graded to prevent puddling; lined 
with polyethylene or clay; and bermed or diked. Where temporary 
impoundments must be used to store liquids, it may be acceptable 
to provide a thick clay liner and to excavate the contaminated 
soils after use of the impoundment is completed. 

As soils are being excavated on-site, air monitoring should 
be conducted to determine unsafe levels of various constituents 
in the ambient air. Numerous portable direct reading instruments 
are available. As contaminated soils are excavated from the 
disposal area, they should be transferred to box truck or to a 
temporary storage area, preferably a diked or bermed area lined 
with plastic or low permeability clay. A layer of absorbent 
material should be placed on the bottom of the temporary storage 
area. 

Excavation and removal can almost totally eliminate the 
contamination at a site and the need for long-term monitoring. 
Once excavation is begun, the time to achieve beneficial results 
can be short relative to alternative technologies. Excavation 
and removal can be used in combination with almost any other 
remedial technologies. 

The greatest problems with excavation, removal, and off-site 
disposal are associated with worker safety, short term impacts, 
cost, and institutional aspects. Where highly hazardous 
materials are present, excavation can pose a substantial risk to 
worker safety. Short term impacts such as fugitive dust 
emissions, toxic gases, and contaminated run-off are frequently a 
major concern, although mitigation measures can be taken. The 
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location of the nearest RCRA-approved landfill or incinerator is 
a very important consideration. 

The excavation technologies include loading and casting 
excavation, hauling excavation, pumping and industrial vacuum 
loaders. The excavation technologies use equipment that is well 
known and demonstrated. 

Pumping may be required in order to remove liquids and 
sludges from waste sites. The liquid wastes may be pumped to a 
treatment system or a tank truck for transport off-site. The 
selection of a pump is complicated by the presence of chemicals 
that could corrode or dissolve pump parts. Corrosive liquids 
having a low pH or a high chloride ion content can rapidly 
destroy most metal pumps. Wetted parts should be plastic, 
rubber, or ceramic, or if made of iron, should be alloyed with 
silicon and/or chromium. It is extremely important to check the 
chemical compatibility of seals with the fluid being pumped. 

The presence of abrasive liquids also influences pump 
selection. Internal passages must have adequate dimensions or 
abrasive particles will damage parts that they rub against. 
Close internal clearances between stationary and moving parts is 
undesirable. Rubber and ceramic parts resist abrasive wear 
better than metal parts. Many manufacturers make abrasion-
resistant models, and the pump should be selected after a 
detailed assessment of the waste to be pumped. 

Industrial vacuum loaders such as the "Supersucker" can be 
used in large scale cleanup operations to remove soil or pools of 
liquid waste. Using industrial loaders for soil removal is safer 

t 

and more efficient than using hand tools. The typical equipment 
consists of a vehicle mounted high-strength vacuums that can 
carry solids, liquids, metal and plastic scraps, and almost any 
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other material that can fit through the hose (i.e., 7 inch). 
Because of the large capacity of the vacuum cylinder, vacuum 
trucks are generally not well suited volume to be removed less 
than the equivalent of 30 drums. 

An important consideration with vacuum loaders is the 
compatibility of wastes with materials of construction. Vacuum 
cylinders can be purchased in carbon steel, stainless steel, 
aluminum, and nickel. They can be treated with a variety of 
coatings including epoxy, fiberglass, and neoprene rubber. 

Disposal Technologies (contaminated soil only) 

This section describes the major factors to consider in the 
selection of an off-site or on-site disposal facility. Disposal 
technologies are landfilling and incineration. Landfilling of 
hazardous materials is becoming difficult and more expensive due 
to steadily growing regulatory control. Wastes that are amenable 
to treatment or incineration should be segregated from wastes for 
which no treatment alternative is known. Landfilling should 
usually be regarded as the least attractive alternative at a site 
cleanup. 

o Off-site Disposal 

Determining the feasibility of off-site disposal by 
landfilling, incineration or both requires knowledge of RCRA 
regulations (40 CFR Parts 261-265) and other regulations 
developed by states. RCRA manifest requirements must be complied 
with for all wastes that are shipped off-site. In addition, the 
waste generator must comply with RCRA manifest requirements. The 
generator should ensure that the facility selected to receive the 
wastes is in compliance with all applicable Federal and State 
regulations. RCRA storage and disposal facilities are required 
to notify the generator, in writing, that they are capable of 
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managing the wastes. The generator must keep a copy of this 
written notification on file as part of the operating record. 

A detailed waste analysis is generally required before a 
waste is accepted by a treatment/disposal facility. On-site 
pretreatment of wastes may be required in order to make them 
acceptable for off-site transport or to meet the requirements of 
an incineration or disposal facility. 

The transportation of wastes is regulated by the Department 
of Transportation (DOT), the EPA, the States, and in some 
instances local regulations. The EPA regulations under RCRA 
adopt DOT regulations pertaining to labeling, placarding, 
packaging, and spill reporting. Vehicles for off-site transport 
must be DOT approved and must display the proper DOT placard. 
Before a vehicle is allowed to leave the site, it should be 
rinsed or scrubbed. 

o On-site Land Disposal 

On-site disposal landfilling. 

The on-site disposal of wastes by landfilling will require 
the design and construction of new landfills which comply 
substantially with RCRA landfill facility standards under 40 CFR 
Part 264. It should be noted that EPA guidance for CERCLA 
responses require most on-site disposal actions "to attain or 
exceed applicable and relevant standards of Federal public health 
and environmental laws, unless specific circumstances" dictate 
otherwise. 

The RCRA requirements under 40 CFR Part 264 and all 
associated guidance are concerned with the proper location, 
design, construction, operation, and maintenance of hazardous 
waste management facilities. These requirements preclude 
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landfilling in areas of seismic instability, in a 100-year flood-
plain, and where the integrity of the liner system would be 
adversely affected. These requirements also preclude landfilling 
of liquids and several types of highly mobile and/or highly toxic 
wastes. In addition to complying with these requirements, the 
evaluation of an on-site landfill program must address potential 
risks posed by the depth to groundwater at the site and the 
degree of naturally available groundwater protection if the liner 
system should fail. Other factors entering this evaluation 
include costs for monitoring the groundwater, collecting any 
accumulated leachate, and for implementing further corrective 
action if the groundwater has been contaminated by a leak from 
the new landfill. 

The operating life of an on-site landfill should be 
minimized to avoid unnecessary generation of leachate caused by 
rainfall into an open cell. Sometimes it is more efficient to 
construct several landfill cells in sequence rather than to 
construct on large cell which will remain open for a long time 
period. All materials placed into a landfill should be compacted 
as much as possible using heavy equipment. This practice will 
minimize settling after closure. All equipment operators and 
workers must be thoroughly trained. 

RCRA requires all land disposal facilities to establish a 
groundwater monitoring program. The program must be capable of 
determining the facility's impact on the quality of groundwater 
in the uppermost aquifer underlying the facility. 

On-site landfilling is an expensive technology which should 
only be considered when: (1) there is so much waste to be 
disposed that the total cost of off-site waste management at an 
acceptable site is comparable; (2) simple capping of the site 
will not provide adequate protection of human health and the 

B-32 



environment; and (3) on-site conditions will allow the 
construction of a landfill that will protect human health and the 
environment. Since it is rare that all three of the above 
conditions are met at a site, the on-site landfill option is not 
frequently used. 

Migration Control 

Technologies that will eliminate, reduce or modify the 
migration of the liquid plume or vapors in the ground or fugitive 
dust at the surface. 

Containment and Diversion Technologies (of migration) 

Surface water controls include a wide range of containment, 
diversion and collection methods which are designed to minimize 
contamination of surface waters, prevent surface water 
infiltration, and prevent off-side transport of surface waters 
which have been contaminated. The commonly employed technologies 
are capping, floating Covers, grading, revegetation, and surface 
water diversion/collection. The most effective strategy for 
managing surface flow frequently includes a combination of 
several of these water control technologies. 

o Capping 
Capping is a process used to cover buried waste materials to 

prevent their contact with the land surface and groundwater. The 
designs of modern caps usually conform to the performance 
standards in 40 CFR 264.310, which addresses RCRA landfill 
closure requirements. These standards include minimum liquid 
migration through the wastes, low cover maintenance requirements, 
efficient site drainage, high resistance to damage by settling or 
subsidence, and a permeability lower than or equal to the 
underlying liner system or natural soils. These performance 
standards may not always be appropriate, particularly in 

B-33 



instances where the cap is intended to be temporary, where there 
is very low precipitation, and when the capped waste is not 
leached by infiltrating rainwater. 

There are a variety of cap designs and capping materials 
available. Most cap designs are multi-layered to conform with 
design standards, however, single-layered designs are also used 
for special purposes. The selection of capping materials land a 
cap design is influenced by specific factors such as local 
availability and costs of cover materials, desired functions of 
cover materials, the nature of the wastes being covered, local 
climate and hydrogeology, and projected future use of the site in 
question. 

Capping is necessary whenever contaminated materials are to 
be buried or left in place at a site. In general, capping is 
performed when extensive subsurface contamination at a site 
precludes excavation and removal of wastes. Capping is performed 
together with the groundwater extraction or containment 
technologies to prevent or significantly reduce further plume 
development. Ground waster monitoring wells are often use in 
conjunction with caps to detect any unexpected migration off the 
capped wastes. A gas collection system should always be 
incorporated into a cap when wastes may generate gases. Capping 
is also associated with surface waster control technologies such 
as ditches, dikes and berms because these structures are often 
designed to accept rainwater drainage from the cap. Grading and 
revegetation are incorporated into multi-layered caps. 

Caps need long-term maintenance and have uncertain design 
lives. Caps will need to be periodically inspected for 
settlement, ponding of liquids, erosion, and naturally occurring 
invasion by deep-rooted vegetation. Groundwater monitoring wells 
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associated with caps need to be periodically sampled and 
maintained. 

Caps generally have a minimum design life of 20 years when a 
synthetic liner is the only liquid barrier. This period may 
extend to over one hundred years when a synthetic liner is 
supported by a low-permeability base; the underlying wastes are 
unsaturated; there is great distance between the waste and the 
groundwater table; and proper maintenance procedures are 
observed. 

Multi-layered caps generally conform to EPA's guidance under 
RCRA which recommends a Three-layered system consisting of an 
upper vegetative layer, underlain by a drainage layer over a low 
permeability layer. The vegetative layer is served by the 
topsoil layer; the drainage layer can be composed of sand; and 
the low permeability layer can be formed by a combined synthetic 
and soil liner system. The cap functions by diverting 
infiltrating liquids from the vegetative layer through the 
drainage layer and away from the underlying waste materials. 

The low permeability layer of the multi-layered cap can be 
composed of natural soils, admixed soils, a synthetic liner 
overlying at least 2 feet of low permeability natural soil or 
soil admix is recommended because the synthetic liner allows 
virtually no liquid penetration for a minimum of 20 years, while 
the soil layer provides assurance of continued protection even if 
the synthetic liner fails. 

Standard design practices specify permeabilities of less 
than 1- E-7 cn/sec for the soil liner. This specification could 
be met with a natural soil or blending of different on-site 
soils. Chemical stabilizers, cements, lime, ash, furnace slag or 
other materials may be added to soil to modify its properties. 
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Flexible synthetic membranes are made of polyvinyl chloride, 
chlorinated polyethylene, ethylene propylene rubber, butyl 
rubber, Hypalon and neoprene, and elasticized polyolefin can be 
used as liners. Synthetic liners are generally more expensive 
and involve labor-intensive sealing materials that require 
special field installation methods. 

Single-layered caps can be constructed of any of the low 
permeability materials mentioned previously. Natural soil and 
admixes are not recommended because they are disrupted by 
freeze/thaw cycles and exposure to drying causes them to shrink 
and crack. The most effective single layer caps are composed of 
concrete and/or bituminous asphalt. 

Capping is a reliable technology for sealing off 
contamination from the aboveground environment and significantly 
reducing underground migration of wastes. Caps can be 
constructed over virtually any site, and can be completed 
relatively quickly if the ground is not frozen or saturated. 
Most of the soil materials for capping are readily available in 
most areas of the country, and the synthetic materials are widely 
manufactured and distributed. The equipment used for 
implementing this technology is mostly standard road construction 
equipment, however some specialized testing equipment must be 
supplied by the liner installer or a soil testing company. 

The performance of a properly installed, multi-layered cap 
is generally excellent for the first 20 years of service. 
However, after this time period the integrity of the synthetic 
liner becomes uncertain and should be investigated regularly. 
Unforseen settling invasions by burrowing animals and deep-rooted 
plants can contribute to the need for periodic monitoring and 
maintenance of the cap. Groundwater monitoring wells, often 
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associated wit caps, need to be sampled periodically and 
maintained. 

o floating Covers 

Floating covers are mentioned to insure that all potential 
technologies are considered. This technology is not discussed in 
detail because the sources for which it is appropriate are not 
present. Floating cover consist of a synthetic lining placed in 
one piece over an impoundment, with proper anchoring at the 
edges, and with floats to prevent the lining from submerging. 
This technology is used mainly to cover drinking water supply 
reservoirs, but it can be used temporarily to prevent overtopping 
a waste lagoon. 

o Grading 

Grading is the general term for techniques use to reshape 
the surface of covered landfills in order to manage surface water 
infiltration and run-off while controlling erosion. The 
spreading and compaction steps used in grading are techniques 
practiced routinely at sanitary landfills. The equipment and 
methods used in grading are essentially the same for all landfill 
surfaces, but applications of grading technology will vary by 
site. Grading is often performed in conjunction with surface 
sealing practices and revegetation as part of an integrated 
closure plan. 

The techniques and equipment used in grading operations are 
well established and are widely used in all forms of land 
development. It is usually possible to find contractors and 
equipment locally, thus expediting the work and avoiding extra 
expenses. 

Surface grading serves to (1) reduce ponding which minimizes 
infiltration and reduces subsequent differential settling, (2) 
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reduces runoff velocities to reduce soil erosion, (3) roughens 
and loosens soils in preparation for revegetation and (4) can be 
a factor in reducing or limiting leaching of wastes. 

There are potential difficulties associated with grading. 
Large quantities of a difficult to obtain cover soil may be 
required to modify existing slopes. Periodic regrading and 
future site maintenance may be necessary to eliminate depressions 
formed through differential settlement and compaction, or to 
repair slopes that have slumped or become badly eroded. 

o Revegetation 

Revegetation is the establishment of a vegetative cover as a 
method to stabilize the surface of a disposal site. This 
technique is often preceded by capping and grading. Revegetation 
decreases erosion by wind and water and contributes to the 
development of a naturally fertile and stable surface 
environment. Revegetation includes (1) selection of plant 
species, (2) seedbed preparation, (3) seeding/planting, (4) 
mulching and/or chemical stabilization, and (5) fertilization and 
maintenance. 

There are potential problems implementing a revegetation 
program. Clays or synthetic barriers below support topsoil in 
poorly drained areas may cause swamping of cover soil and 
subsequent anaerobic conditions. A cover soil which is too thin 
may dry excessively in arid seasons and irrigation may be 
necessary. Improperly vented gases and soluble phytotoxic 
contaminants may kill or damage vegetation. The roots of shrubs 
or trees may penetrate the waste cover and cause water 
infiltration and gas exfiltration. Periodic maintenance of 
revegetated areas may include liming, fertilizing, mowing and/or 
replanting. 
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A well-designed and properly implemented revegetation plan 
will effectively reduce erosion and stabilize the surface of a 
covered disposal site, thereby improving the effectiveness and 
reliability of the cap. A multi-layered capping system and 
properly graded slopes, in combination with suitable vegetative 
cover, will eventually isolate buried wastes from surface 
hydrologic input. 

Although vegetative covers requires frequent maintenance, it 
actually prevents more costly maintenance which would result form 
erosion by surface soils. Revegetation is also essential to the 
integrity and performance of dikes, waterways, and sedimentation 
basins. 

o Surface Water Diversion and Collection 

Surface water diversion and collection technologies include 
dikes, berms, channels, waterways, terraces, benches, chutes, 
downpipes, seepage basins, ditches, sedimentation basins and 
ponds, levees and floodwalls. All these technologies are well-
established. Many of these are intended for short-term use and 
are neither effective nor reliable for use as a long-term 
remedial measure. 

Dikes and berms are well-compacted earthen ridges or ledges 
constructed immediately upslope from or along the perimeter of 
disturbed areas. These structures are generally designed to 
provide short-term protection of critical areas by intercepting 
storm run-off and diverting the flow to natural or manmade 
drainage ways, to stabilized outlets, or to sediment traps. 

Dikes and berms ideally are constructed of erosion-
resistant, low permeability, clay soils. The general design life 
of these structures is on the order of lone year maximum; 
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seeding and mulching or chemical stabilization of dikes and berms 
may extend their life expectancy. 

Channels are excavated ditches. Diversion channels are used 
primarily to intercept run-off or reduce slope length. They may 
be stabilized with vegetation or stone rip-rap. 

Failure of channels and waterways may result from 
insufficient capacity, excessive velocity, or inadequate 
vegetative cover. Grassed waterways must be periodically mowed 
to prevent excessive retardation of flow and subsequent ponding 
of water. Vegetated channels may also require periodic sodding, 
remulching, and fertilizing. Sediment accumulation often results 
in failure of channels and waterways. Control of vegetation to 
prevent matted growth and high allowable design velocities will 
reduce sediment accumulation. Stone channels have the advantage 
of requiring minimum maintenance. 

Terraces and benches are embankments constructed along the 
contour of very long or very steep slopes to intercept and divert 
flow and to control erosion by reducing slope length. These 
structures are classified as bench terraces or drainage benches. 
Bench terraces are used primarily to reduce land slope while 
drainage benches on broadbased terraces act to remove or retain 
water on sloping land. 

Chutes and downpipes are structures used to carry 
concentrated flows of surface run-off from one level to a lower 
level without erosive damage. They generally extend downslope 
from earthen embankments and convey water to stabilized outlets 
located at the base of terraced slopes. Chutes are open 
channels, normally lined with bituminous concrete, portland 
cement concrete, grouted rip-rap, or similar non-erodible 
material. Downpipes are temporary structures constructed of 
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rigid piping or flexible tubing of heavy-duty fabric. 

Chutes and downpipes often represent key elements in 
combined surface control systems. They are especially effective 
in preventing erosion on long, steep slopes, and can be used to 
channel storm run-off to sediment traps, drainage basins, or 
stabilized waterways for off-site transport. However, they 
provide only temporary erosion control while slopes are 
stabilized with vegetative growth. 

Seepage basins and ditches are used to discharge water to 
groundwater. They may also be used in in-situ treatment to force 
reagents into the subsurface. Seepage basins and ditches are 
most effective in highly permeable soils so that recharge can be 
performed. They are not applicable at sites where collected run
off or groundwater is contaminated. Many basins and ditches are 
used in areas with shallow groundwater tables. Very deep basins 
or trenches can be hazardous. Seepage ditches distribute water 
over a larger area than achievable with basins. They can be used 
for all soil where permeability exceeds about 0.9 inches per day. 
It is unlikely that this technology would be appropriate for the 
INEL site because of the deep groundwater table and uncertainties 
associated with the vertical flow of liquids. 

Sedimentation basins are used to control suspended solids 
entrained in surface flows. A sedimentation basin is constructed 
by placing an earthen dam across a water or natural depression, 
or y excavation, or by a combination of both. The purpose of 
installing a sedimentation basin is to impede surface run-off 
carrying solids, thus allowing sufficient time for the 
particulate mater to settle. Sedimentation basins are usually 
the final step in control of diverted, uncontaminated, surface 
run-off, prior to discharge. They are especially useful in areas 
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where there exists a high silt or sand content in the surface 
run-off. 

Levees are earthen embankments that function as flood 
protection structures in areas subject to inundation from tidal 
flow or riverine flooding. Levees create a barrier to confine 
floodwaters to a floodway and to protect structures behind the 
barrier. Floodwalls perform much the same function as levees, 
but are constructed of concrete. For hazardous waste sites, 
levees and floodwalls help to control major losses of waste and 
cover material and prevent massive leachate production and 
subsequent contamination from riverine or tidal flooding. 

Flood containment levees are most suitable for installation 
in flood fringe areas or areas subject to storm tide flooding, 
but not for areas directly within open floodways. Because of the 
relatively long, flat side slopes of levees, an embankment of any 
considerable height requires a very large base width. For 
locations with limited space and fill material, or excessive real 
estate costs, the use of concrete floodwalls is preferred as an 
alternative to levee construction. 

Levees are generally constructed of compacted impervious 
fill. Special drainage structures are often required to drain 
the area behind the embankment. Ideal construction of levees is 
with erosion-resistant low permeability soils, preferably clay. 
Most levees are homogeneous embankments; but if impermeable fill 
is lacking, or if seepage through and below the levee is a 
problem, then construction of a compacted impervious core or 
sheet-pile cut-off extending below the levee to bedrock may be 
necessary. 

All the diversion and containment methods described require 
frequent inspection, maintenance, performance checks to ensure 
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continuous reliability. Operation and maintenance requirements 
for these measures are relatively simple. However, failure of 
such surface control measures as floodwalls can be costly. 

Groundwater Control 

Control of contamination in the groundwater involves one of 
four options: (1) containment of a plume; (2) removal of a plume 
after measures have been taken to halt the source of 
contamination; (3) diversion of groundwaters to prevent clean 
groundwater from contacting a drinking water supply; or (4) 
prevention of leachate formation by lowering the water table 
beneath a source of contamination. Remedial technologies for 
controlling groundwater contamination problems are generally 
placed in one of four categories: (1) groundwater pumping, 
involving extraction of water from or injection of water into 
wells to capture a plume or alter the direction of groundwater 
movement; (2) subsurface drains, consisting of gravity collection 
systems designed to intercept groundwater; (3) low permeability • 
barriers, consisting of a vertical wall of low permeability 
materials constructed underground to divert groundwater flow or 
minimize leachate generation and plume movement; or (4) in-situ 
treatment methods to biologically or chemically remove or 
attenuate contaminants in the subsurface. These technologies can 
be used singularly or in combination to control groundwater 
contamination. This section describes these technologies. The 
600 foot depth to the groundwater table and the overlying basalt 
layers would make the implementation of some groundwater controls 
such a drains and barriers difficult, cost prohibitive and 
probably technically infeasible. However, they are presented in 
this section with limited detail to insure that all technologies 
are considered. 
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o Groundwater Pumping 

Groundwater pumping techniques involve the active 
manipulation and management of groundwater in order to contain or 
remove a plume or to adjust groundwater levels in order to 
prevent formation of a plume. Types of wells used in management 
of contaminated groundwater include wellpoints, suction wells, 
ejector wells, and deep wells. The selection of the appropriate 
well type depends upon the depth of contamination and the 
hydrologic and geologic characteristics of the aquifer. 

Pumping is most effective at sites where underlying aquifers 
have high intergranular hydraulic conductivity. It has been used 
with some effectiveness at sites with moderate hydraulic 
conductivities and where pollutant movement is occurring along 
fractured or jointed bedrock. In fractured bedrock, the fracture 
patterns must be traced in detail to ensure proper well 
placement. 

Where plume containment or removal is the objective, either 
extraction wells or a combination of extraction and injection 
wells can be used. Use of extraction wells alone is best suited 
to situations where contaminants are miscible and move readily 
with water; where the hydraulic gradient is steep and hydraulic 
conductivity high; and where quick removal is not necessary. 
Extraction wells are frequently used in combination with slurry 
walls to prevent groundwater from overtopping the wall and to 
minimize contact of the leachate with the wall in order to 
prevent wall degradation. 

A combination of extraction and injection wells is 
frequently used in containment or removal where the hydraulic 
gradient is relatively flat and hydraulic conductivities are only 
moderate. The function of the injection well is to direct 
contaminants to the extraction wells. This method has been used 
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with some success for plumes which are not miscible with water. 
One problem with such an arrangement of wells is that, dead spots 
can occur when these configurations are between adjacent radii of 
influence. Another disadvantage is that injection wells can 
suffer from many operational problems, including air locks and 
the need for frequent maintenance. 

Ground water barriers can be created using injection wells 
to change both the direction of a plume and the speed of plume 
migration. By crating an area with a higher hydraulic head, the 
plume can be forced to change direction. This technique may be 
desirable when short-term diversions are needed or when diversion 
will provide the plume with sufficient time to naturally degrade 
so that containment and removal is not required. 

Wellpoint systems are effective in almost any hydraulic 
situation. They are best suited for shallow aquifers where 
extraction is not needed below more than about 22 feet. Beyond 
this depth, suction lifting is ineffective. Suction wells 
operate in a similar fashion to wellpoints and are also depth 
limited. The only advantage of suction wells over wellpoints is 
that they have higher capacities. For extraction depths greater 
than 20 feet, deep wells and ejector wells are use. Deep well 
systems are better suited to homogeneous aquifers with high 
hydraulic conductivities and where large volumes of water may be 
pumped. Ejector wells perform better than deep wells in 
heterogeneous aquifers with low hydraulic conductivities. A 
problem with ejector systems is that they are inefficient and are 
sensitive to constituents in the groundwater which may cause 
chemical precipitates and well clogging. 

Ground water pumping systems are the most versatile and 
flexible of the groundwater control technologies. When used 
together with a barrier wall and cap, complete hydrologic 
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isolation of a site can be achieved. Groundwater pumping 
systems, however, perform poorly in low transmissivity aquifers. 

Operational flexibility is high since pumping rates can be 
modified to adjust to changes in flow rate. System performance 
is generally good provided the wells are properly designed and 
maintained. Deadspots and areas where cones of depression 
overlap should be continuously monitored to ensure effectiveness. 
The reliability of pumping systems can be adversely affected by 
mechanical and electrical failure of pumps which can result in 
loss of contaminants. However, repairs and replacement of parts 
can be done quickly and easily. 

Well systems are generally safer to install then drains and 
barrier walls since there is no need for trench excavation. 
Installation is relatively easy and quick. Contractors qualified 
to drill and install wells are readily available. 

o Subsurface drains 

Subsurface drains include any type of buried conduit used to 
convey and collect aqueous discharges by gravity flow. 
Subsurface drains essentially function like an infinite line of 
extraction wells. They create a continuous zone of influence in 
which groundwater within this zone flows towards the drain. 

Drains essentially function like an infinite line of 
extraction wells, they can perform many of the same functions as 
wells. They can be used to contain or remove a plume, or to 
lower the groundwater table to prevent contact of water with the 
waste material. The decision to use drains or pumping is 
generally based on cost-effectiveness. 

For shallow contamination problems, drains can be more cost-
effective than pumping, particularly in strata with low or 
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variable hydraulic conductivity. Under these conditions, it 
would be difficult to design and it would be cost prohibitive to 
operate a pumping system to maintain a continuous hydraulic 
boundary. Subsurface drains may also be preferred over pumping 
where groundwater removal is required over a period of several 
years, because the operation and maintenance cost associated with 
pumping are substantially higher. 

Subsurface drains are generally limited to shallow depth. 
Although it is technically feasible to excavate a trench to 
almost any depth, the costs of shoring, dewatering, and hardrock 
excavation can make drains cost prohibitive at depths of less 
than 40 feet. However, in stable low permeability soils where 
little or no rock excavation is required, draining may be cost-
effective to depths of 100 feet. Other limitations to the use of 
this technology include the presence of viscous or reactive 
chemicals which could clog drains and envelope material. 
Conditions which favor the formation of iron manganese or calcium 
carbonate deposits may also limit the use of drains. 

Relative to pumping, subsurface drains can be difficult and 
costly to install particularly where extensive hard rock 
excavation and dewatering is required. They are also time 
consuming to install and may not be an appropriate alternative 
where immediate remediation is required. Safety of field workers 
is also more of a concern with subsurface drains because of the 
need for extensive trench excavation. 

Drains are generally more cost-effective than pumping in 
areas with low hydraulic conductivity particularly where pumping 
would be required for an extended period of time. They are 
easier to operate since water is collected by gravity flow. They 
are also more reliable from the standpoint that there are no 
electrical components which can fail. However, when drains fail 
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due to clogging, breaks in the pipes, or sinkhole formation, they 
can be costly and time consuming to rehabilitate. 

o Subsurface Barriers 
Subsurface barriers are a variety of methods whereby low 

permeability cut-off walls or diversions are installed below 
ground to contain, capture, or redirect groundwater flow in the 
vicinity of a site. The most commonly use subsurface barriers 
are slurry walls, particularly soil-bentonite slurry walls. Less 
common are cement-bentonite or concrete (diaphragm) slurry walls, 
grouted barriers, and sheet piling cut-offs. Grouting may also 
be used to crate horizontal barriers for sealing the bottom of 
contaminating sites. 

Slurry walls are the most common subsurface barriers because 
they are a relatively inexpensive means of vastly reducing 
groundwater flow in unconsolidated earth materials. The term 
slurry wall can be applied to a variety of barriers all having 
one thing in common; they are all constructed in a vertical 
trench that is excavated under a slurry. This slurry, usually a 
mixture of bentonite and water, acts essentially like a drilling 
fluid. It hydraulically shores the trench to prevent collapse, 
and, at the same time, forms a filter cake on the trench walls to 
prevent high fluid losses into the surrounding grounds. Slurry 
wall types are differentiated by the materials used to backfill 
the slurry trench. Most commonly, an engineered soil mixture 
used to backfill the slurry trench. Typically, and engineered 
soil mixture is blended with the bentonite slurry and placed in 
the trench to form a soil-bentonite slurry wall. In some cases, 
the trench is excavated under la slurry or portland cement, 
bentonite, and water, and this mixture is left in the trench to 
harden into a cement-bentonite slurry wall. In the rare case 
where great strength is required, pre-cast or cast-in-place 
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concrete panels are constructed in the trench to form a diaphragm 
wall. 

Soil-bentonite slurry walls are backfilled with soil 
materials mixed with a bentonite and water slurry. Of the three 
major types of slurry walls, soil-bentonite walls offer the 
lowest installation costs, the widest range of chemical 
compatibilities, and the lowest permeabilities. At the same 
time, soil-bentonite walls have the least strength and require a 
large work area, and, because the slurry and backfill can flow, 
are applicable only to sites that can be graded to nearly level. 
A major concern in the application of soil-bentonite walls to 
site remediation is the compatibility of the backfill mixture 
with site contaminants. Evidence indicates that soil-bentonite 
backfills are not able to withstand attack by strong acids and 
bases, strong salt solutions, and some organic chemicals. For 
contaminate migration control there is a lack of long-term 
performance data. Soil bentonite walls have been used for 
decades for groundwater control in conjunction with large dam 
projects and there is ample evidence of their success in this 
application. The ability to withstand long-term permeation by 
many contaminants is in question. 

Cement-bentonite slurry walls share many characteristics 
with soil-bentonite slurry walls. The principal difference 
between the two is the backfill. They are generally excavated 
using a slurry of Portland cement, bentonite, and water. This 
slurry is left in the trench and allowed to set up to form the 
completed barrier. 

Cement-bentonite walls are more versatile than soil-
bentonite in two ways. First, because the slurry sets up into a 
semirigid solid, this type of wall can accommodate variations in 
topography by allowing one section to set while continuing the 
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next section at a different elevation. Second, because the 
excavation slurry is commonly the backfill too, this type of wall 
is better suited to restricted areas where there is no room to 
mix soil-bentonite backfill. Cement-bentonite is stranger than 
soil-bentonite and so is used where the wall must have less 
elasticity, such as adjacent to a building or roads. 

Cement-bentonite slurry walls are limited in their use by 
their higher costs, somewhat higher permeability, and their 
narrower range of chemical compatibilities. Cement-bentonite is 
susceptible to attack by sulfates, strong acids and bases, and 
other highly ionic substances. 

Diaphragm walls are barriers composed of reinforced concrete 
panels, which are emplaced by slurry trenching techniques. They 
may be cast-in-place or precast, and are capable of supporting 
great loads. This degree of strength is seldom if ever called 
for at a waste site. This technology has the same limitations as 
cement-bentonite slurry walls. 

Grout curtains are subsurface barriers created in 
unconsolidated materials by pressure injection. Grout barriers 
can be many times more costly as slurry walls and are generally 
incapable of attaining truly low permeabilities in unconsolidated 
materials. A recent field test study of two chemical grouts 
revealed significant problems in forming a continuous grout 
barrier due to non-coalescence of grout pods in adjacent holes 
and grout shrinkage. This study concludes that conventional 
injection grouting is incapable of forming a reliable barrier in 
medium sands. Grout curtains, while requiring no operation and 
little or no maintenance may require more monitoring than other 
barriers. This is because if even a very small gap is left in 
the barrier, it can enlarge quite rapidly by piping or tunneling 
if there is a sufficient hydraulic gradient across the wall. 
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Sheet Piling can be used to form a groundwater barrier. 
Sheet piles can be made of wood, pre-cast concrete, or steel. 
Wood is an ineffective water barrier, however, and concrete is 
used primarily where great strength is required. Steel is the 
most effective in terms of groundwater cut-off and cost. Steel 
is ineffective in rocky soils because damage or deflection of the 
piles is likely to render the wall ineffective. 

The performance life of sheet piling wall can be between 7 
and 40 years, depending on the condition of the soil in which the 
wall is installed. Sheet piling walls have been installed in 
various type of soils ranging from well-drained sand to imperious 
clay. 

o In-situ Treatment 
See earlier discussion on in-situ waste treatment. 

Fugitive Dust Controls 

Fugitive dust is particulate matter that becomes airborne due to 
the forces of wind, man's activity, or both. It may include 
windblown particulate matter from paved or unpaved roads, exposed 
land surface and/or material made airborne by vehicular movement. 
Commonly used techniques for controlling fugitive dusts from 
waste sites include the use of chemical dust suppressants, wind 
screens, water sprays and other measures. These are all 
techniques tat are proven and have been used widely. 

o Dust Suppressant 

Dust suppressants include a wide range of natural and 
synthetic waste materials which strengthen bonds between soil 
particles and hold this strengthened condition for an appreciable 
period of time. A wide variety of resins, bituminous materials 
and polymers are marketed as dust suppressants. Chemical dust 
suppressants are most commonly applied with water wagons equipped 
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with muzzles that shoot a flat spray behind the vehicle. The 
effectiveness of a dust suppressant is dependent upon maintaining 
the soil-chemical crust. Emerging weeds and any type of 
disturbance from traffic will break this crust. This technology 
is an effective temporary control measure. It must be reapplied 
to provide long-term fugitive dust control. Application is 
straightforward and can be accomplished quickly. There is a 
potential for secondary impacts from the use of certain chemical 
dust suppressants which contain toxic substances. 

o Wind Fences/Screens 

A wind fence is a porous screen which takes up or deflects a 
sufficient amount of wind so that the wind velocity is lowered 
below the threshold required for initiation of soil movement. 
Wind screens are typically 4 to 10 feet high and are composed of 
polyester or other high strength material. This technology is 
only 60 percent efficient in controlling inhalable particulate at 
wind speeds of 10 to 13 mph. Studies have shown no consistent 
benefits from windscreens for particles in the respirable size 
range. Maximum reduction of wind velocity can be expected for a 
distance of 1 to 5 fence heights down stream. 

o Water sprays 
Water spray is the most common means of dust control. It 

simply involves spraying water on the exposed surface areas. 
This method is mainly used to reduce fugitive dusts along active 
travel paths, excavation areas and from tuck boxes loaded with 
soils. Active travel areas dry quickly and water must be 
reapplied frequently (about every 2 hours) to maintain 
effectiveness. 

o Other measures 

Other measures for paved roads include sweeping, vacuuming 
or flushing. These methods are not effective with fine 

B-52 



particles. Dust from excavation activities can be reduced by 
maintaining a favorable slop and orientation on the waste or 
overburdened piles. Piles can also be covered and an auger feed 
system can be installed to emplace and remove material. 

Gaseous Emissions Controls 

Gases may be emitted by the vaporization of liquids, venting 
or entrained gases or by chemical and biological reactions with 
solid and liquid waste material. Volatile organics may be 
released slowly but continuously form surface impoundments or 
landfills. Methods for controlling the release of gaseous 
emissions to the atmosphere include covers for control of 
volatile emissions from impoundments and active gas collection 
systems for collection and control of gases generated in 
landfills. 

o Covers 

Covers involve the placement of a barrier at the water-air 
interface to reduce gaseous emissions. Lagoon covers, floating 
immiscible liquids and floating spheres can all be use for this 
purpose. There are no sources at the INEL site for which this 
remedial technology is appropriate. Therefore it is not 
presented in more detail. 

o Passive Perimeter Gas Control Systems 

Passive perimeter gas control systems control gas movement 
by altering the paths of flow without the use of mechanical 
components. Passive systems may be further categorized as high-
permeability or low permeability. 

High-permeability systems entail the installation of highly 
permeable trenches or wells between the landfill and the area to 
be protected. Since the permeable material offers conditions 
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more conducive to gas slow than the surrounding soil, paths of 
flow to points of controlled release are established. High-
permeability systems generally take the form of trenches or wells 
excavated outside of the landfill limit and backfilled with a 
highly permeable medium such as a course crushed stone. 

Low-permeability systems effectively block gas flow into 
areas of concern by the use of barriers (i.e., synthetic 
membranes of clays) between the landfill and the area to be 
protected. With low-permeability systems, gases are not 
collected and therefore cannot be conveyed to a point of 
controlled release or treatment. The purpose of the system is to 
prevent or reduce gas migration into areas that are to be 
protected. These two concepts of passive gas control are often 
combined in the same system to provide controlled venting of 
gasses and blockage of available paths for gas migration. 

Passive gas control systems can be used at virtually any 
site where there is capability to trench or drill and excavation 
to at least the same depth at the landfill, limiting factors 
could include the presence of a perched water table or rock 
strata. Passive vents would generally be expected to be less 
effective in areas of high rainfall or prolonged freezing 
temperatures. The depth of the trench is dictated by local site 
conditions. In general, the trench should extend from the 
ground surface to a relatively impermeable stratum of unfractured 
bedrock or clay or to the lowest groundwater table level. In 
some applications, the trench need not be as deep, so long as it 
extends to sufficient depth to intercept all possible avenues of 
gas migration. This depth is a function of the landfill depth 
and the geology in the vicinity of the landfill. The logistics 
of excavation open trenches can constrain the use of [passive] 
venting trenches to relatively shallow depths of 30 feet and 
less. 
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Passive gas control systems are essentially self-operating. 
Vent pipes, drainage patterns and general conditions in the 
vicinity of the systems should be occasionally inspected to 
identify the need for repairs or other maintenance. Monitoring 
the effectiveness of passive gas control systems normally 
consists of periodic sampling of subsurface gases from probes 
installed in the area being protected. 

High permeability gas control systems have functioned 
adequately in mainly applications; however, there appear to be no 
clear patterns which dictate success or failure of the systems. 
While passive vents may perform effectively at some sites, the 
method cannot be considered to be reliable for gas migration 
control because of the inability of vents to control diffuse 
flow. Numerous passive well venting systems have been converted 
to active systems because of poor or unreliable performance. 
Low-permeability systems block diffuse flow and are highly 
reliable when properly designed and installed. Passive gas 
control systems can be implemented with relatively conventional 
construction equipment, labor, and materials. Handling and 
placement of synthetic liners requires specialized equipment and 
labor. 

o Active Perimeter Gas Control Systems 

Active perimeter gas control systems alter pressure 
gradients and paths of gas movement by mechanical means. These 
systems normally consist of (1) gas extraction wells, (2) gas 
collection headers and (3) vacuum blowers or compressors. In a 
typical system centrifugal blowers create vacuum through the 
collection headers and wells to the wastes and ground surrounding 
the wells. A pressure gradient is thereby established, inducing 
flow from the landfill to the blower. Subsurface gases flow in 
the direction of decreasing pressure gradient and are released 
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directly to the atmosphere, treated and released, or, in some 
cases, recovered. 

Active perimeter gas control systems can be used at 
virtually any site where there is capability to drill an 
excavation through landfilled material to the required depth. 
Limiting factors could include the presence of free-standing 
leachate or impenetrable materials within the landfill. Active 
systems are not sensitive to the freezing or saturation of 
surface or cover soils. 

Gas extraction wells maybe installed either in refuse fill 
or in soil outside of the limit of fill. Wells normally consist 
of a drilled excavation 12 to 36 inches in diameter which is 
backfilled with one inch or larger crushed stone and 2- to 6-inch 
piping, which is perforated in the areas where gas is to be 
collected and solid in the upper portions. Solid-wall pipe is 
used and a concrete or clay seal is provided in the upper portion 
of the well to minimize infiltration of atmospheric air into the 
system. A valve is provided on the lateral connection of each 
well to allow regulation of flow and balancing of systems 
consisting of multiple wells. A monitoring port is provided for 
measuring velocity, pressure, and gas composition. Well spacing 
is a critical factor in the design of the system. Spacings on 
the order of 100 feet are commonly used, however, the appropriate 
spacing for a given site will depend upon the depth of the 
landfill, the magnitude of the vacuum applied to the well, and 
the rate of gas withdrawal. 

Active gas control systems require testing and adjustment 
throughout their lives of operation. Initial start-up testing is 
required to ensure that all components are functioning as 
intended. Throttling of individual well valves and blower 
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control valves is required to balance the system. Mechanical 
components require regular service such a lubrication and part 
replacement. In addition, subsurface gas probes in the area 
being afforded protection should be monitored at least annually 
after system start-up to ensure that gas migration is being 
controlled. 

Differential settlement of the landfill material beneath 
header pipes can cause pipe movements resultant in adverse 
slopes, accumulation of condensate in low spots, and partial or 
complete blockage of gas flow. Proper pipe slopes an condensate 
drains can minimize this problem. A regular program of periodic 
inspection and maintenance should be established to identify pipe 
breakage, condensate blockage, or other header system failure. 

o Active Interior Gas Collection/Recovery System 

Active interior gas collection systems are similar to active 
perimeter systems except gas extraction wells are placed over the 
entire landfill surface. The design limitations and 
considerations are the same as perimeter systems except that 
spacing of wells is generally grater. Spacings of 200 feet are 
common. This technology has been applied or is under development 
for methane at over 50 sites worldwide. 

Treatment Technologies 

This section describes treatment methods applicable for 
treating aqueous, gaseous, and solid waste streams. Many of the 
methods described are widely used in industrial waste treatment 
applications and are well described in the literature. 

o Aqueous Waste (pumped liquids) 

Because of their potential diversity there are many 
treatment technologies that can be applied to aqueous waste 
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streams. Rarely will any one treatment be sufficient so these 
techniques are usually used in combination. The most applicable 
treatment processes are (1) activated carbon treatment, (2) 
biological treatment, (3) filtration, (4) precipitation/ 
flocculation, (5) sedimentation technology, (6) ion exchange and 
sorptive resins, (7) reverse osmosis, (8) neutralization, (9) 
gravity separation, (10 air stripping, (11) oxidation, and (12) 
chemical reduction. 

Activated carbon treatment is the process of adsorption onto 
activated carbon. It involves contacting a stream with the 
carbon, usually by flow through a series of packed bed reactors. 
The activated carbon selectively adsorbs constituents by a 
surface attraction phenomenon in which organic molecules are 
attracted to the internal pores of the carbon granules. Once the 
micropore surfaces are saturated with organics, the carbon is 
"spent" and must be either replaced or thermally regenerated. 
The time to reach "breakthrough" or exhaustion is the single most 
critical operating parameter. 

Activated carbon is a well developed technology. It is 
especially well suited for removal of mixed organics from aqueous 
wastes. It is an effective and reliable means of removing low 
solubility organics. It is suitable for treating a wide range of 
organics over a broad concentration range. 

Activated carbon is easily implemented into more complex 
treatment systems. The process is well suited to mobile 
treatment systems as well as on-site construction. Space 
requirements are small, start-up and shut-down are rapid, and 
there are numerous contractors who are experienced in operating 
mobile units. 
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The most obvious maintenance consideration associated with 
activated carbon treatment is the regeneration of spent carbon 
for reuse. Regeneration must be performed for each column at the 
conclusion of its bed-like so the spent carbon may be restored as 
close as possible to its original condition for reuse; otherwise, 
the carbon must be disposed. 

Biological Treatment removes organic matter from the waste 
stream through microbial degradation. The most prevalent form of 
biological treatment is aerobic (i.e., requires oxygen). 
Specific processes that may be applicable include conventional 
activated sludge, pure oxygen activated sludge, extended 
aeration, contact stabilization, fixed film systems which include 
rotating biological discs and trickling filters. 

There is considerable flexibility in biological treatment 
because of the variety of available processes and adaptability of 
the microorganisms themselves. Many organic chemical are 
considered biodegradable, although the relative ease of 
biodegradation varies widely. 

Biological treatment has not been widely used in hazardous 
waste site remediation. Although the process can effectively 
treat a wide range of organics, it has several drawbacks for 
waste site application. The reliability of the process can be 
adversely affected by "shock" loads of toxics. Start-up time can 
be slow if the organisms need to be acclimated to the wastes and 
the detention time can be long for complex wastes. However, the 
existence of cultures which have been previously adapted to 
hazardous wastes an dramatically decrease start-up and detention 
time. 

Loss of volatile organics from biological treatment 
processes can pose some localized air pollution and a health 
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hazard to field personnel. Sludge produced in biological waste 
treatment may be a hazardous waste itself due to the sorption and 
concentration of toxic and hazardous compounds contained in the 
wastewater. 

Filtration is a physical process whereby suspended solids 
are removed from solution by forcing the fluid through a porous 
medium. Granular media filtration is typically used for treating 
aqueous waste streams. The filter media consists of a bed of 
granular particles. The bed is contained within a basin and is 
supported by an underdrain system which allows the filtered 
liquid to be drawn off while retaining the filter media in place. 
As water laden with suspended solids passes through the bed of 
filter medium, the particles become trapped on top of and within 
the bed. In order to prevent plugging, the filter is backflushed 
at high velocity to dislodge the particles. The backwash water 
contains high concentrations of solids and requires further 
treatment. 

Filtration is a reliable and effective means of removing low 
levels of solids for streams provided the content does not vary 
greatly and the filter is backwashed at appropriate intervals. 
Filtration equipment is relatively simple, readily available in a 
wide range of sizes and easy to operate and control. The 
significant maintenance consideration is handling the backwash. 
Backwash will generally contain high concentrations of 
contaminants and require subsequent treatment. 

Precipitation is a physicochemical process whereby some or 
all of a substance in solution is transformed into a solid phase. 
It is based on alteration of the chemical equilibrium 
relationships affecting the solubility of inorganic species. 
Removal of metals as hydroxides or sulfides is the most common 
precipitation application in wastewater treatment. Generally, 
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lime or sodium sulfide is added to the wastewater in a rapid 
mixing tank along with flocculating agents. The wastewater flows 
to a flocculation chamber in which adequate mixing and retention 
time is provide for agglomeration of precipitate particles. 
Agglomerated particles are separated from the liquid phase by 
settling in a sedimentation chamber, and/or by other physical 
processes such as filtration. 

Flocculation is used to describe the process by which small, 
unsettleable particles suspended in a liquid medium are made to 
agglomerate into larger, more settleable particles. Chemicals 
used to cause flocculation include alum, lime, various iron 
salts, and organic flocculating agents called polyelectrolytes. 

Once suspended particles have flocculated into larger 
particles, they usually an be removed from the liquid by 
sedimentation, provided that a sufficient density difference 
exists between the suspended matter and the liquid. 

Precipitation is applicable to the removal of most metals 
from aqueous streams including zinc, cadmium, chromium, copper, 
fluoride, lead, manganese, and mercury. Also certain anionic 
species can be removed by precipitation, such as phosphate, 
sulfate, and fluoride. 

Certain physical or chemical characteristics may limit the 
applicability of precipitation. Organic compounds may form 
organometallic complexes with metals, which could inhibit 
precipitation. Cyanide and other ions in the stream may also 
complex with metals, making treatment by precipitation less 
efficient. Highly viscous waste streams will inhibit settling of 
solids. 
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Precipitation and flocculation are well established 
technologies and the operating parameters are well defined. The 
processes require only chemical pumps, metering devices, and 
mixing and settling tanks. The equipment is readily available 
and easy to operate. Precipitation is nonselective in that 
compounds other than those targeted may be removed. Both 
precipitation and flocculation are nondestructive and generates a 
large volume of sludge which must be disposed. 

Sedimentation is a process that relies upon gravity to 
remove suspended solids in an aqueous waste stream. The proces 
consists of a basin that will maintain the liquid in the 
quiescent state, a means of directing the liquid to the basin in 
a manner conducive to settling, and a means of physically 
removing the settled particles. This technology is applicable to 
the removal of particles heavier than water. Sedimentation 
provides a reliable means to remove suspended matter and is 
capable of 90 to 99 percent efficiency. 

Ion Exchange is a process whereby the toxic ions are removed 
from the aqueous phase by being exchanged with relatively 
harmless ions held by the ion exchange material. Modern ion 
exchange resins are primarily synthetic organic materials 
containing ionic functional groups to which exchangeable ions are 
attached. These synthetic resins are structurally stable, 
exhibit a high exchange capacity, and can be tailored to show 
selectivity towards specific ions. The exchange reaction is 
reversible and concentration dependent, and it is possible to 
regenerate the exchange resins for reuse. Sorptive resins are 
also available for removal of organics and the removal mechanism 
is one of sorption rather than ion exchange. 

Ion exchange can be used to remove a broad range of ionic 
species from water including: all metallic elements when present 
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as a soluble species, inorganic anions, organic acids, and 
organic amines. Sorptive resins can remove a wide range of polar 
and non-polar organics. 

Ion exchange is a well established technology for removal of 
heavy metals and hazardous anions from dilute solutions. Ion 
exchange can be expected to perform well for these applications 
when fed wastes of variable composition, provided the system's 
effluent is continually monitored to determine when resin bed 
exhaustion has occurred. Consideration must be given to disposal 
of contaminated ion exchange regeneration solution. 

Reverse osmosis is the application of sufficient pressure to 
the concentrated solution to overcome the osmotic pressure and 
force the net flow of water through the membrane toward the 
dilute phase. This allows the concentration of solute to build 
up in a circulating system on one side of the membrane while 
relatively pure water is transported through the membrane. Ions 
and small molecules in true solution can be separated from water 
by this technique. 

Reverse osmosis is used to reduce the concentrations of 
dissolved solids, both organic and inorganic. In treatment of 
waste streams the use of this process would be primarily limited 
to polishing low flow streams containing highly toxic 
contaminants. Good removal can be expected for high molecular 
weight organics and charged anions and cations. Multivalent ions 
are treated more effectively than are univalent ions. Recent 
advance in membrane technology have made it possible to remove 
such low molecular weight organics as alcohols, ketones, amines, 
and aldehydes. 

Reverse osmosis is an effective treatment technology for 
removal of dissolved solids presuming appropriate pretreatment 
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has been performed for suspended solids removal, pH adjustments, 
and removal of oxidizers, oil, and grease. Because the process 
is so susceptible to fouling and plugging, on-line monitors may 
be required to monitor pH, suspended solids, etc. on a continuous 
basis. Reverse osmosis has not been widely used for treatment of 
hazardous waste streams. 

Reverse osmosis will not reliably treat wastes with a high 
organic content, as the membrane may dissolve in the waste. 
Lower levels of organic compounds may also be detrimental to the 
unit's reliability, as biological 
growth may form on a membrane fed an influent containing 
biodegradable organics. 

Neutralization consists of adding acid or base to a waste in 
order to adjust its pH. The most common system for neutralizing 
acidic or basic waste streams utilizes a multiple compartmental 
basin usually constructed of concrete. This basin is lined with 
acid brick or coated with a material resistant to the expected 
environment. 

Neutralization can be applied to any wastewater requiring pH 
control. It is a relatively simple unit treatment process which 
can be performed using readily available equipment. Only storage 
and reaction tanks with accessory agitators and delivery systems 
are required. Because of the corrosivity of the wastes and 
treatment reagents, appropriate materials of construction are 
needed to provide a reasonable service-life for equipment. The 
process is reliable provided pH monitoring units are used. 

Neutralization of wastestreams has the potential of 
producing air emissions. Acidification of streams containing 
certain salts, such as sulfide, will produce toxic gases. Feed 
tanks should be totally enclosed to prevent escape of acid fumes. 
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Adequate mixing should be provided to disperse the heat of 
reaction if wastes being treated are concentrated. The process 
should be controlled from a remote location. 

Gravity Separation is a purely physical phenomenon in which 
the oil is permitted to separate from water in a conical tank. 
It offers a straightforward, effective means of phase separation 
provide the oil and water phases separate adequately within the 
residence time of the tank. Simple, readily available equipment 
can be used and operational requirements are minimal. 
Consideration must be given to the disposal of the extracted 
waste constituents collected. 

Air Stripping is a mass transfer process in which volatile 
contaminants in water or soil are transferred to gas. Air 
stripping is frequently accomplished in a packed tower equipment 
with an air blower. The packed tower works on the principle of 
countercurrent flow. The water stream flows down through the 
packing while the air flows upward, and is exhausted through the 
top. Volatile, soluble components have an affinity for the gas 
phase and tend to leave the aqueous stream for the gas phase. In 
the cross-flow tower, water flows down through the packing as in 
the countercurrent packed column, however, the air is pulled 
across the water flow path by a fan. The coke tray aerator is a 
simple, low maintenance process requiring no blower. The water 
being treated is allowed to trickle through several layers of 
trays. This produces a large surface area for gas transfer. 
Diffused aeration stripping and induced draft stripping sue 
aeration basins similar to standard wastewater treatment aeration 
basins. Water flows through the basin from top to bottom or from 
one side to another with the air dispersed through diffusers at 
the bottom of the basin. The air-to-water ratio is significantly 
lower than in either the packed column or the cross-flow tower. 
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In recent years, air stripping has gained increasing use for 
the effective removal of volatile organics from aqueous 
wastestreams. It has been used most cost-effectively for 
treatment of low concentrations of volatiles or as a pretreatment 
step prior to activated carbon. The equipment for air stripping 
is relatively simple, start-up and shut-down can be accomplished 
quickly, and the modular design of packed towers makes air 
stripping well suited for waste site applications. 

Oxidation or reduction-oxidation reactions are those in 
which the oxidation state of at least one reactant is raised 
while that of another is lowered. In chemical oxidation, the 
oxidation state of the treated compound is raised. Common 
commercially available oxidants include potassium permanganate, 
hydrogen peroxide, calcium or sodium hypochlorite and chlorine 
gas. Chemical oxidation is used primarily for detoxification of 
cyanide and for treatment of dilute wastestreams containing 
oxidizable organics. Among the organics for which this treatment 
has been reported are aldehyde, mercaptans, phenols, benzidine, 
unsaturated acids and certain pesticides. 

Chemical reduction involves the addition of reducing agent 
which lowers the oxidation of a substance in order to reduce 
toxicity or solubility or to transform it to a form which can be 
more easily handled. See the earlier discussion of in-situ 
chemical treatment processes which includes chemical reduction 
for more technical details. 

With respect to aqueous liquids commonly used reducing 
agents include sulfite salts, sulfur dioxide and the base metals 
(iron, aluminum and zinc). Chemical reduction is used primarily 
for reduction of hexavalent chromium, mercury and lead. Very 
simple equipment is required for chemical reduction. This 
includes storage vessels for the reducing agents and perhaps for 
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the wastes, metering equipment for both streams, and contact 
vessels with agitators. Some instrumentation is required to 
determine the concentration and pH of the waste and the degree of 
completion of the reduction reaction. Chemical reduction is a 
well demonstrated technology for the treatment of lead, mercury, 
and chromium. 

Solids 

The treatment of solids involves their separation from 
slurries and their classification by grain size. The objective 
of separating solids is to attain two distinct waste streams: a 
liquid that can be treated for removal of dissolved and fine 
suspended contaminants; and a concentrated slurry that can be 
dewatered and treated. 

Classification of particles according to grain size may be 
undertaken for one of two reasons. First, is that more efficient 
use can be made of equipment and land area by taking advantage of 
the differences in settling velocity of different sized 
particles. Second, there is recent evidence to suggest that 
classification by grain size is important in managing 
contaminated soils because of the apparent tendency of 
contaminants to adsorb preferentially onto fine-grained 
materials. 

o Separation 

Solids separation methods include sieves and screens, 
hydraulic and spiral classifiers, cyclones, settling basins and 
clarifiers. These are all well demonstrated technologies that 
are widely adapted in industrial processes and wastewater 
treatment. 

Sieves or screens consist of bars, woven wire or perforated 
plate surfaces which retain particles of a desired size range 

B-67 



while allowing smaller particles and the carrying liquid to pass 
through the openings in the screening surface. Types of sieves 
or screens include grizzlies, moving screens and fixed screens. 

Hydraulic classifiers are commonly used to separate sand and 
gravel from slurries and classify them according to grain size. 
These units consist of elevated rectangular tanks with v-shaped 
bottoms to collect the material. Discharge valves which are 
located along the bottom of the tank are activated by motor-
driven vanes that sense the level of solids as they accumulate. 
The principal of operation is simple. The slurry is introduced 
into the feed end of the tank. As the slurry flows to the 
opposite end, solids settle out according to particle size as a 
result of differences in settling velocity. 

The spiral classifier consists of one or two long, rotating 
screws mounted on an incline within a rectangularly shaped tub. 
It is used primarily to wash adhering clay and silt from sand and 
gravel fractions. The screw conveys settled solids up an incline 
to be discharged through an opening at the top of the tub. Fines 
and materials of low specific gravity are separated from sand and 
gravel through agitation and the abrading and washing action of 
the screw, and are removed along with the wastewater overflow at 
the bottom of the tub. 

Cyclones and hydroclones are separators in which solids that 
are heavier than water are separated by centrifugal force. A 
hydroclone consists of a cylindrical/conical shell with a 
tangential inlet for feed, an outlet for the overflow of slurry, 
and an outlet for the underflow of concentrated solids. Cyclones 
and hydrocyclones contain no moving parts. The slurry is fed to 
the unit with sufficient velocity to create a "vortex" action 
that forces the slurry into a spiral and, as the rapidly rotating 
liquid spins about the axis of the cone, it is forced to spiral 
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inward and then out through a centrally located overflow outlet. 
Smaller-sized particles remain suspended in the liquid and are 
discharged through the overflow. Larger and heavier particles of 
solids are forced outward against the wall of the one by 
centrifugal force within the vortex. The solids spiral around 
the wall of the cyclone and exit through the apex at the bottom 
of the cone. 

A settling basin is an impoundment, basin, clarifier, or 
other container that provides conditions conducive to allowing 
suspended particles to settle from a liquid by gravity or 
sedimentation. The slurry is introduced into the basin and 
settling of solids occurs as the slurry slowly flows across the 
length of the basin. Flow out the opposite end of the basin is 
reduced in its solids content. 

Commonly used types of settling basins are impoundment 
basins, conventional clarifiers and high rate clarifiers. An 
impoundment basin is earthen impoundment of diked area that is 
lined in a manner that is appropriate for protecting underlying 
groundwater. They are used to remove particles in the size range 
of gravel down to fine silt of 10 to 20 microns with flocculants. 
Conventional clarifiers are rectangular or circular settling 
basins which are typically equipped with built-in solids 
collection and removal mechanisms. A high rate clarifier uses 
multiple "stacked" plates, tubes, or trays to increase the 
effective settling surface area of the clarifier and decrease the 
actual surface area needed to effect settling. 

Sedimentation employing impoundment basins are conventional 
clarifiers is a well established technology for removing 
particles ranging in size from gravel down to fine silt. Proper 
flocculation is essential to ensure removal of silt-sized 
particles. Sedimentation methods have not been widely employed 
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for classifying solids according to particle size. They can be 
expected to be less effective in classifying solids than 
classifiers, cyclones, and screens. 

o Dewatering 

Dewatering is a physical unit operation used to reduce the 
moisture content of slurries or sludges in order to facilitate 
handling and prepare the materials for final treatment or 
disposal. Device which can be used to dewater materials include 
gravity thickeners, centrifuges, filters, and dewatering lagoons. 

Gravity thickening is generally accomplished in a circular 
tank, similar in design to a conventional clarifier. The slurry 
enters the thickener through a center feedwell designed to 
dissipate the velocity and stabilize the density currents of the 
incoming stream. The feed sludge is allowed to thicken and 
compact by gravity settling. A sludge blanket is maintained on 
the bottom to help concentrate the sludge. The clarified liquid 
overflows the tank and the underflow solids are raked to the 
center of the tank and withdrawn by gravity discharge or pumping. 
Flocculants are often added to the feed stream to enhance 
agglomeration of the solids and promote quicker or more effective 
settling. 

Gravity thickeners are used to concentrate slurries and are 
capable of- achieving a solids concentration of approximately 2 to 
15 percent. They generally produce the thinnest and least 
concentrated sludge of all the dewatering methods. The intent in 
using a gravity thickener is usually to reduce the hydraulic load 
of a slurry that is to be fed to a more efficient dewatering 
method. Gravity thickening provides a simple, low maintenance 
method for concentrating slurries, thereby reducing the hydraulic 
load to subsequent dewatering processes. They are suitable for 
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operations where a high degree of operator supervision cannot be 
provided. 

Dewatering lagoons use a gravity or vacuum assisted 
underdrainage system to remove water. The base of the lagoon is 
lined with clay plus a synthetic liner or other appropriate liner 
material to prevent migration of contaminants into the underlying 
soils and groundwater. At a minimum, the liner consists of a low 
permeability clay layer which is several feet thick. When the 
lagoon is no longer in use, the clay liner is excavated and 
properly disposed. 

Dewatering lagoons are best suited to large-scale dewatering 
operations where the volume of sludge or sediment would require 
an inordinately large number of mechanical dewatering units. 
Lagoons are one of the more effective dewatering methods. A 
gravity dewatering system is capable of achieving 99 percent 
solids removal and dewatered cake of 35 to 40 percent solids 
after 10 to 15 days. The major limitations on the use of 
dewatering lagoons is that they require large land areas and long 
set-up times. Because of their large surface area they may not 
be well suited to areas with heavy rainfall or to areas where 
long periods of freezing would prevent dewatering. 

Centrifugal dewatering is a process which uses the force 
developed by fast rotation of a cylindrical drum or bowl to 
separate solids and liquids by density differences under the 
influence of centrifugal force. Dewatering is usually 
accomplished using solid bowl or basket centrifuges. Disk 
centrifuges are also available and are mainly used for 
clarification and thickening. 

Centrifuges can be used to concentrate or dewater soils 
ranging in size from fine gravel down to silt. Effectiveness of 
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centrifugation depends upon the particle sizes and shapes, and 
the solids concentration among other factors. Data from the 
dewatering of municipal sludges indicate that solids 
concentrations ranging from about 15 to 40 percent are achievable 
with the solid bowl centrifuge. Solids capture typically ranges 
from about 85 to 97 percent with chemical conditioning. 

Filtration is a physical process whereby particles suspended 
in a fluid are separated from it by forcing the fluid through a 
porous medium. Three types of filtration are commonly used for 
dewatering: belt press filtration, vacuum filtration, and 
pressure filtration. 

Belt filter presses employ single or double moving belts to 
continuously dewater sludges. The sludge usually after some 
conditioning contacts the moving belt(s). The space containing 
the sludge is gradually decreased as the sludge moves through the 
process. Progressively more and more water is expelled 
throughout the process until the end where the cake is 
discharged. 

A vacuum filter consists of a horizontal cylindrical drum 
which rotates partially submerged in a vat of sludge. The drum 
is covered with a continuous belt of fabric or wire mesh. A 
vacuum is applied to the inside of the drum. The wet solids 
adhere to the outer surface. As the drum continues to rotate, it 
passes from the cake forming zone to a drying zone, and finally 
to a cake discharge zone where the sludge cake is removed from 
the media. 
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